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“Give Us This Day...” 


N THE dim days of his past, when 
man first met his God and learned 
to formulate his prayers, his food— 
the products of the forests and the 
fields—provided for him all the nutri- 
tional essentials he needed. 
Today when food processing and 
_ cooking methods have departed a long 
way from man’s primitive, primordial 
mode of living, an adequate daily 
supply of essential nutrients is not so 
easily obtained, particularly because 
of man’s demand for constant change 
and variety in his diet. 
Meat, one of man’s preferred foods, 


helps bridge this difficulty. Its daily 
consumption makes an important con- 
tribution not only so far as protein 
requirements are concerned, but also 
for the satisfaction of water soluble 
vitamin needs. : 

As the appended chart shows, all 
meat is a good source of the B vita- 
mins. Under certain methods of cook- 
ing, its vitamin values are largely re- 
tained. Under others, optimum benefit 
can be derived from the vitamin con- 
tent of meat by utilization of the 
cooking liquids in flavoring gravies 
and sauces. 


B Vitamins in Meat* 


CONTRIBUTION OF 4 OZ. SERVINGS TO DAILY ADULT MALE REQUIREMENTS 


THIAMINE 
18 


BEEF 
PORK 
VEAL 
LAMB 
UVER (Beef) 
LIVER (Pork) 


LIVER (Calf) 


NIACIN 


RIBOFLAVIN 
27 (Doity 1% 


“Unless otherwise stated, the valves given cre based on “Foods as Sources of the Diefary Essentials” (A. M. A.) 1942 
{Based on “The Vitamin Content of Meo!” (Weisman and Eivefhem) 1941 oe" 


The Seal of Acceptance denotes that the statements made in this advertisement are 
acceptable to the Council on Foods and Nutrition of the American Medical Association. 
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NEW OPERATIVE TECHNIQUES IN THE MANAGEMENT 
OF BOWEL OBSTRUCTION 


(1) Aseptic Decompressive Suction Enterotomy, (2) Aseptic Enterotomy 
for Removal of Obstructing Gall Stone, and (3) Operative 


Correction of Nonrotation 


OWEN H. WANGENSTEEN, M.D., F.A.C.S., Minneapolis, Minnesota 


HE past decade has witnessed a gen- 

eral,decline in the mortality of intes- 

tinal obstruction. In the Massachu- 

setts General Hospital, in Boston, 
there has been a keen and lively interest in the 
subject over a period of more than 40 years. 
A recent study by McKittrick and Sarris 
(1940), from the same institution, showed that 
for the first time in 40 years, a definite lower- 
ing of the mortality of acute intestinal obstruc- 
tion has come about. This unique experience 
of the Boston group cannot be duplicated 
perhaps in any American hospital in length or 
intensity of interest in the subject. Yet, the 
more recent experience of the staff of the Mas- 
sachusetts General Hospital with acute intes- 
tinal obstruction appears to typify the general 
improvement, which has become manifest 
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throughout our country, in the management 
of the problem of bowel obstruction. 

In the opinion of this writer, this noticeable 
general improvement has come about essen- 
tially by virtue of two factors, viz.: (1) better 
understanding of the effects of obstruction, in- 
cluding more general adoption of the mechan- 
istic conception of the ill effects of obstruction; 
and (2) introduction of the conservative plan 
of achieving relief of intestinal distention by 
suction applied to indwelling duodenal tube. 


FACTORS ACCOUNTABLE FOR MORTALITY 


An analysis of the factors contributing to 
the residual mortality of obstruction indicates 
that two items are responsible largely, viz.: 
(1) strangulating obstructions and (2) persist- 
ent distention. In a sense, it may be said, this 
mortality is owing in part to the shortcomings 
of the conservative suction treatment, an 
agency which has had an important part in 
the reduction of the mortality of obstruction. 
In the instance of strangulating obstructions, 
no indication exists for attempting to treat 
such patients by suction. Yet, most clinics in 
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which suction has been employed in the man- 
agement of intestinal obstruction have suf- 
fered the embarrassment, humiliation, and 
tragedy of discovering too late, on occasions, 
that their efforts of attempting to effect con- 
servative decompression were being misap- 
plied to patients with strangulating obstruc- 
tion, exhibiting every indication for early 
surgical intervention. This occurrence has 
been responsible for 4 deaths in this clinic 
during the 12 year period, during which time 
suction has been employed as a therapeutic 
expedient in the management of acute intes- 
tinal obstruction; that is, 4 patients came to 
autopsy without recourse to operative inter- 
vention.! There have been other circum- 
stances, undoubtedly, not so readily assess- 
able, in which less prolonged delays with 
conservative management in strangulating ob- 
structions were, at least partially responsible 
for additional fatalities. This delay in sup- 
planting conservative with radical therapy is 
due largely, obviously, to the difficulty in 
identifying correctly instances of strangulat- 
ing obstruction. 

The conservative plan of management ac- 
cepts another risk in simple obstruction in 
that decompression may not be achieved by 
suction and recourse may have to be had to 
operation as a last resort. This risk is less 
hazardous to the individual than is delay in 
strangulating obstruction, for, even in late 
cases of simple obstruction with considerable 
distention, a well planned and carefully exe- 
cuted operation may still salvage the situa- 
tion. Yet, it is not to be denied that such 
delays occur more frequently than they 
should. And in the total mortality of ob- 
struction this factor, of failure to deal ade- 
quately with distention by conservative 
means, looms large as an important item. 

It should also be said that no therapeutic 
measure can match the low mortality of the 


1Two of these patients were listed in an earlier report (1939): 
Group IA, Cases 7, Univ. Hosp. No. 669153, and 8 Univ. Hosp. 
No. 662246. Since then 2 additional cases occurred; it is only fair 
to say that, in one of these, Mrs. B. M., Univ. Hosp. No. 703671, 
amputation had been done for diabetic gangrene. When abdomi- 
nal pain developed during convalescence and later a mass, it was 
believed that a dissecting aneurysm of the aorta was present. 
Suction was employed to combat distention. Autopsy disclosed a 
strangulating obstruction due to an adhesive band. In the other, 
Mr. J. K., Univ. Hosp. No. 665930, herniation of loops of small 
intestine occurred around a colostomy, the true situation not be- 
ing recognized until autopsy. 


suction cases in that group in which con- 
servative decompression is the only direct 
therapeutic agent invoked. The pity of it is 
that suction management is not uniformly 
successful. In the first series of cases of acute 
obstruction treated by conservative decom- 
pression reported from this clinic in 1933, by 
Paine, and the writer (33), the mortality was 
only 5 per cent. In the next report, made in 
1939 (34), the mortality in the suction group 
was 6 per cent. In the next series, reviewed 
by Dennis and Brown 1942 (5) from this 
clinic, the mortality in the suction group (32 
cases) was zero. Yet, as indicated, in all these 
reports, and as has been pointed out, an anal- 
ysis of that group alone fails to tell the whole 
story. For, it is possible that a patient start 
out as a bona fide suction case and show up 
ultimately in the mortality columns of oper- 
ative procedures. 

There are other factors which contribute to 
the existing residual mortality of bowel ob- 
struction. Some obstructions particularly 
atresia of the newborn and strangulated inci- 
sional hernias in obese patients with poor car- 
diac reserve are inherently difficult to deal 
with; others, such as a mesenteric thrombosis 
and the ileus of peritonitis, will always carry 
formidable risks. Some of the factors involved 
in the obstruction problem appear to be un- 
controllable. It is to be remembered, however, 
that late recognition of obstruction and delays 
in hospital may make a very difficult problem 
out of an obstructive agency which may have 
been dealt with very simply in the beginning. 

Yet, if the two items discussed at some 
length—(1) strangulations and (2) persistent 
great distentions of the small intestine—could 
be dealt with in a more consistently successful 
manner than at present, the existing residual 
mortality of bowel obstruction would fall 
sharply. Whereas, the current mortalities of 
12 to 20 per cent, acknowledged by most 
clinics professing an especial interest in the 
bowel obstruction problem, are due in part to 
difficulties hedging about the management of 
trying cases, yet, as has been pointed out, 
there is a mortality of treatment—a factor 
which must be‘recognized as such, if further 
reduction in the mortality of bowel obstruc- 
tion is to come about. 
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GENERAL PLAN OF MANAGEMENT IN 
THIS CLINIC 

Since the introduction of suction (1931) in 
the management of acute mechanical intes- 
tinal obstruction, the general plan of manage- 
ment in this clinic has remained largely the 
same. It was recognized in the beginning 
that, there are two absolute contraindications 
to employment of suction, viz., (1) strangu- 
lating obstructions, and (2) obstruction of the 
colon with great distention (large diameter of 
the distended colon, as visualized on the scout 
x-ray film of the abdomen). Both these condi- 
tions constitute absolute indications for early 
operative intervention. It is important that 
suction not be applied as the sole direct thera- 
peutic attack upon the obstruction in in- 
stances in which the obstructing mechanism 
persists. It is in mechanical obstructions of 
the small intestine, obviously, that suction 
plays an important réle as a single direct 
therapeutic expedient. Definition of the indi- 
cations for suction in a number of cases can 
not, therefore, be stated positively; that is, in 
the larger number of instances of simple 
obstruction of the small intestine, the indica- 
tions for the continued use of suction are rela- 
tive. Without trial, one cannot know in a 
given instance, whether suction will succeed 
or not; in partial obstructions suction is 
almost uniformly successful. The trial period 
must be reasonable and tempered by the 
knowledge that a persisting type of obstruc- 
tion may be present, such as a gall stone, 
enteric intussusception, carcinomatous stric- 
ture or, more frequently, a tightly constrictive 
adhesive band which may cut right into the 
lumen of the bowel. It is to be admitted 
freely that all patients with distention are im- 
proved by a temporary period of suction. Yet, 
it is important not to confound seeming im- 
provement with complete relief of the obstruc- 
tion. When a trial with suction fails to re- 
establish intestinal continuity early it is essen- 
tial not to procrastinate until it is too late. A 
timely decision is of more than ordinary im- 
portance. 

The long balloon-tipped tube of Miller and 
Abbott has superseded the ordinary indwell- 
ing duodenal tube, with multiple perforations, 
in this clinic in the management of all cases of 


obstruction. Abbott’s recent suggestion of 
employing a wire stylet to facilitate entry of 
the tube into the duodenum affords real prom- 
ise of affecting quicker decompression in a 
number of cases. 

In the main, however, in this clinic we are 
inclining to earlier operative intervention in 
those cases in which a reasonable trial with 
suction proves ineffectual; at the same time, 
by concentration of the general management 
of patients with obstruction in the hands of 
a few experienced observers, efforts have been 
redoubled to identify instances of strangu- 
lating obstruction on arrival of the patient at 
the clinic. 

During the past 2 years, 53 patients with 57 
acute obstructions have been treated in this 
clinic (small bowel obstructions of all vari- 
eties). There were 6 deaths, a patient mor- 
tality of 11.3 per cent and a case mortality 
of 10.5 per cent. During the past year, 27 
patients with acute obstruction of the small 
intestine came under observation. There were 
2 deaths, a mortality of 7.4 per cent. This 
accomplishment is a better record than has 
ever been achieved with the bowel obstruction 
problem in this clinic. 


STRANGULATING OBSTRUCTIONS 


Within the past year, 9 consecutive strangu- 
lating obstructions have been identified in 
this clinic and submitted to as early operation 
as circumstances would permit. These cases 
embrace the usual strangulations from a gan- 
grenous intussusception in an infant of 2.5 
months to a woman of 75 years with an ex- 


tensive mesenteric thrombosis. Primary re- 
section, with the use of the closed end-to-end 
anastomosis and with approximately 2 to 4 
grams of sulfathiazole powder being sprinkled 
about the suture (in adults) was done in all in- 
stances. There was no mortality. My associate 
Dr. Clarence Dennis, together with senior 
house officers, was responsible for this unusual 
accomplishment.! This experience bespeaks (1) 
timely recognition of strangulating obstruc- 
tion, and (2) the safety, in skilled hands, of 
the closed oblique end-to-end intestinal anas- 
tomosis under trying circumstances. 


_! This series now has grown to 12 consecutive successful primary resec- 
tions for nonviable strangulated intestine. 
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THE CRITERIA OF RECOGNITION OF 
OBSTRUCTION 


The standard guides set up to aid in the 
identification of various types of bowel ob- 
struction have been described on numerous 
occasions and will not be repeated here. 
Briefly, it may be said the initial objective is 
to determine: (1) whether obstruction is pres- 
ent, (2) whether the obstruction is simple or 
strangulating in.character, and (3) whether 
the obstruction involves the small intestine or 
the colon. 

A surgical staff that has become “obstruc- 
tion minded”’ and has schooled itself in the 
simple rules of detection and differentiation of 
the various types of intestinal obstruction will 
not make many serious errors in diagnosis. 
The following items are important in such a 
scheme: (1) concentration of the manage- 
ment of all cases in a few hands, necessitating 
continued interest of a few seasoned observers 
as active or consulting participants; (2) recog- 
nition of the importance of signs of peritoneal 
irritation in the detection of strangulating ob- 
structions; (3) an understanding of how the 
ileocecal valve and sphincter affect the mani- 
festations of obstruction (30), with particular 
reference to: (a) vomiting, (b) its character as 
well as the nature of the material aspirated by 
an indwelling duodenal tube, and (c) the char- 
acter of the distention as revealed by an x-ray 
film; (4) complete fusion and integration of 
clinical and x-ray evidence, recognizing that 
the diagnosis of intestinal obstruction is essen- 
tially a clinical and not a primary roentgeno- 
logic problem. 

The chief weakness in the recognition of 
obstruction relates to a lack of absolute differ- 
ential characters by which strangulating ob- 
structions may be identified with definiteness. 
In the main, the best criteria in the writer’s 
experience have been: (1) the history estab- 
lishing the presence of obstruction (copious 
vomiting in obstruction of the small bowel, 
accompanied by recurrent gas pains); and (2) 
the presence of rebound tenderness or demon- 
stration of an intraperitoneal mass, suggesting 
a strangulating obstruction. High grades of 
leucocytosis, or an increasing leucocyte count 
as suggested by McKittrick and Sarris (15), 
in the experience of this clinic have not been 


characteristic or particularly helpful in the 
recognition of strangulating obstructions. The 
writer has pointed out elsewhere that strangu- 
lating obstructions may be accompanied occa- 
sionally by little or no distention (32). 

In a recent case, Mrs. H. S., aged 53 years, Univ. 
Hosp. No. 632188, with a 60 hour story of illness, the 
leucocyte count was 12,600. There was no definite 
evidence of intestinal colic demonstrable after admis- 
sion to hospital. Yet, the story of gas pains and pro- 
fuse regurgitant vomiting spoke eloquently for ob- 
struction. Rebound tenderness and the detection of 
a mass suggested the presence of a strangulating 
ovarian cyst or bowel, despite the absence of clinical 
distention. Even x-ray evidence of distention was 
missing, only a small amount of gas being distin- 
guishable in a single ileal loop. A strangulated non- 
viable ileal segment, necessitating primary resection 
and closed anastomosis, was found at operation (Dr. 
C. Dennis). The patient made a satisfactory con- 
valescence. Only the signs of peritoneal irritation 
indicated the necessity for operative intervention. 


THE PLAN OF CONSISTENT EARLY 
OPERATION FOR OBSTRUCTION 


Prior to the introduction of suction in the 
management of intestinal obstructions of 
mechanical origin, everyone conceded freely 
the necessity of early operative intervention. 
With the advent of conservative decompres- 
sion, a trial with suction in suitable cases be- 
came the rule. Latterly, McKittrick (14, 
1941) has advocated and practiced early oper- 
ative intervention in all cases in which the 
obstruction is less than 24 hours in duration 
after instituting suction, and relieving dehy- 
dration and dechlorination. McKittrick’s re- 
sults justify fully his manner of dealing with 
the problem. The only objection which could 
be raised justifiably would be the question of 
whether some of these operations would have 
been unnecessary with a longer trial period of 
suction. Nevertheless, if fewer deaths result 
with McKittrick’s proposed scheme of return 
to consistent early operative intervention, it 
will become the preferred mode of dealing with 
the obstruction problem. 


ASEPTIC DECOMPRESSIVE SUCTION 
ENTEROTOMY 


I have been at pains to point out, on previ- 
ous occasions, the great importance of accom- 
plishing aseptic decompressions at operation 
without visible s pillage (enterostomy — 26, 1933; 
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and transverse colostomy — 28, 1937). Granted 
preservation of viability and normal perme- 
ability of the bowel wall, even in the late cases 
with large distentions, a decompressive enter- 
ostomy or a colostomy can be done with 
minimal mortality. The risk approaches zero, 
in direct proportion to the success with which 
aseptic decompression without visible evi- 
dence of spillage can be done. The technique 
of performing these procedures is illustrated 
in Figure tr. 

The writer has voiced opposition to the 
Monks-Moynihan scheme of intestinal evacu- 
ation, in the belief that an enterostomy would 
accomplish essentially what that procedure 
professes to do and at lesser risk. However, 
the limitations of “blind enterostomy” are 
obvious in the unhappy ending of the patient 
whose history is related below. Such an occur- 
rence indicated the necessity for developing 
some means of dealing adequately occasion- 
ally with the factor of distention at operation. 

Summary of case history. A patient, with a 
5 day simple obstruction before entry, was 
treated conservatively for 4 days at which 
time enterostomy was done. The patient 
died 9 days later of peritonitis, as a result of 
an injury of the bowel wall occasioned by com- 


pression by a dense adhesive band. Aseptic 
evacuation of the content of the distended 
bowel, permitting visualization and division 
of the adhesive band, would undoubtedly have 
averted this occurrence. 


C. W., Univ. Hosp. No. 654754, male, aged 59 
years. The patient was admitted to the hospital 
December 22, 1936, with a story of crampy abdomi- 
nal pain and vomiting of 5 days’ duration. There 
had been no antecedent operation. The patient 
stated that he had been struck in the abdomen by a 
base ball many years previously. Eight years ago 
he had suffered an attack much like the present one. 
An x-ray film showed considerable distention of 
many loops of small intestine. No gas being visual- 
ized in the colon, the obstruction was believed to be 
fairly complete in nature. Suction was applied to an 
indwelling duodenal tube and the next day the dis- 
tention on the x-ray films appeared to be less promi- 
nent. The two following days, the character of the 
distention remained essentially the same. Gas and 
fluid, in considerable amounts, were aspirated by the 
indwelling tube each day; the tube failed to enter 
the duodenum, however. On December 26, 1936, 
exploration appeared to be in order, because of fail- 
ure to effect decompression by conservative means. 


Operation was performed under novocain infiltra- 
tion and a small amount of ethylene was given also. 
A low incision was made over the right rectus muscle. 
There was considerable clear, free fluid in the peri- 
toneal cavity (transudate). Several collapsed seg- 
ments of small intestine came into view, suggesting, 
definitely, that the obstruction was jn the small in- 
testine. A suggestion had been made prior to opera- 
tion that the patient might have a carcinoma of the 
ileocecal valve. No mass was made out; the intestine 
was very much distended. The nature of the ob- 
structing mechanism was not made out. Deep in the 
abdomen, on the posterior abdominal wall, there 
seemed, to the touch, to be a small band kinking a 
loop of bowel. Because of the great distention, how- 
ever, it could not be visualized. In the absence of a 
strangulating obstruction, it appeared that an en- 
terostomy would take care of the situation ade- 
quately. An aseptic enterostomy, after the general 
plan of Witzel, was made without incident (operat- 
ing time 1 hour). Gas and fluid drained freely from 
the catheter after operation, and the distention, as 
viewed by x-ray films, improved; gas made its ap- 
pearance in the colon also. However, fever and a 
hurried pulse developed, and the patient died on 
January 4, 1937, 9 days after the operation. 

Autopsy disclosed a dense adhesive band 3 milli- 
meters thick and 1.5 centimeters in length, imprison- 
ing a loop of small intestine 16 inches beyond the site 
of enterostomy. There was diffuse peritonitis pres- 
ent, which had its origin apparently from the site at 
which adhesive band and gut wall were fused. Colon 
bacillus was found in the exudate. 

During the past year, a scheme of dealing 
with large distentions of the small intestine at 
operation has been evolved. The principle of 
the procedure is essentially that of the Monks 
operation. Yet, the refinements in the pro- 
cedure described herein occasion: (1) less 
trauma to the bowel, in that considerably less 
manipulation of the distended bowel is neces- 
sary; (2) further, the procedure, described 
herewith, presents reasonable assurance of be- 
ing performed aseptically and without spill- 
age, the sine qua non of a successful operative 
decompression. The instrument built along 
the lines of an empyema evacuating trochar is 
depicted in Figure 2. The manipulation of 
the instrument is described in the caption. To 
date, the method has been used but once,! in 

Since this paper was written, aseptic decompressive suction enterotomy 
has been employed with great satisfaction in several additional late cases 
of small bowel obstruction, great distention being present in each in- 
stance. In this clinic, this method, of emptying a distended bowel at 
operation, has come to be routine practice in all late cases of simple 
obstruction of the small intestine. As a preliminary to resection, in the 
= ay of strangulated nonviable bowel, the method is employed regu- 

arly to achieve decompression of the proximal distended loop before 
resection and closed anastomosis are undertaken. In a few of these 


aseptic decompressive enterotomies, as much as 2,000 cubic centimeters 
of gas and fluid have been aspirated. 
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the trying situation to be described. It is un- 
likely that any other method of dealing with 
the distention and the obstructive mechanism 
could have been accomplished without as- 
suming far greater risks (save operation at the 
outset). It is obvious that the method will not 
have the same range of usefulness as conserva- 
tive decompression or enterostomy.! Yet, 
there are instances of large distentions in 
which it is mandatory that the nature of the 
obstructing mechanism be determined. In a 
situation like the following, one cannot ascer- 
tain the exact manner in which the bowel is 
obstructed, unless the reaches of the intestine, 
in the immediate proximity of the obstruction, 
are evacuated. 

Summary of case history. A patient, age 59, 
with a 7 day story of obstruction, failed to 
respond to conservative treatment. At opera- 
tion, aseptic decompressive suction enterot- 
omy permitted evacuation of 500 cubic centi- 
meters of fluid and gas and visualization of the 
mechanism of obstruction; an adhesive band 
had amputated the bowel, a temporary seal 
being effected with fibrin. The procedure 
adapted itself very well to the management of 
a difficult problem. 


Mrs. L. B., aged 59 years, Univ. Hosp. No. 715158, 
was admitted to the hospital December 9, 1941. This 
patient, the wife of an army officer, had been ill for 
7 days (since December 2, 1941), prior to admission 
here with nausea, vomiting, and crampy abdominal 
pain. The vomitus was greenish in character. She 
was hospitalized at the Military Hospital at Fort 
Snelling. Suction was applied to an indwelling duo- 
denal tube and the pain subsided, but the existent 
distention did not subside. She was transferred to 
the University Hospital on December 9, 1941. The 
contractions of the intestine could be seen and felt 
with the hand. The palpable peristalsis suggested 
that a carcinoma of the small intestine might be 
present. A fairly high grade of intestinal distention 
was observed on an x-ray film. There was no ab- 
dominal tenderness, and it was believed that the 
obstruction was simple in character. An attempt 
was made to pass a Miller-Abbott tube into the duo- 
denum, but it was unsuccessful, until nearly 48 hours 
had elapsed after admission. The tube migrated 
down the bowel very slowly, and it was deemed wise 
to undertake operation in order to decompress the 
distended intestine. 

Operation was done December 11, 1941 (2:00 p.m.) 
under cyclopropane anesthesia. The stomach was 


'The method probably will come to displace enterostomy in a large 
number of late obstructions of the smal] bowel. 


evacuated prior to the operation with an ordinary 
duodenal tube and this tube, as well as the Miller- 
Abbott tube, was left in place during the operative 
procedure. Fluid distention of many segments of 
small intestine was found when the abdomen was 
opened. Exploration suggested the presence of a 
small mass in the pelvis; it could not be visualized 
despite placement of the patient in steep Trendelen- 
burg position. The cecum was not distended. A low 
ileal loop was stripped of its content as indicated in 
Figure 1a and isolated between rubber covered 
clamps. The type of operation depicted in Figure 2 
was carried out. The clamp on the distal side was 
removed and 300 cubic centimeters of feculent, yel- 
lowish-brown fluid and 200 cubic centimeters of gas 
was aspirated from the loop, proximal to the site of 
obstruction. This evacuation permitted direct vis- 
ualization of the site of obstruction. A short, dense 
adhesive band was observed to come from the lateral 
wall of the pelvis and to loop over the terminal ileum, 
about 15 centimeters proximal to the cecum. The 
obstruction was 18 inches (45 cm.) beyond the site of 
the decompressive enterotomy opening. It was pos- 
sible to pass a small curved dissector between the 
adhesive band and the bowel; the band was divided 
with scissors. The gut wall appeared to be intact; 
however, when it was manipulated gently, it was 
obvious that the adhesive band had cut widely into 
the intestine, practically amputating the bowel. At 
the mesenteric border, the bowel was intact; other- 
wise its entire circumference had been cut by the ad- 
hesive band, to such an extent that the lumen gaped 
widely. Only fibrin on the external wall of the bowel 
lent the impression that the gut wall was intact. 
Placement of a single row of interrupted Halsted 
mattress sutures of fine silk (Deknatel D) effected a 
satisfactory closure. The enterotomy catheter was 
withdrawn, and this opening was closed in a similar 
manner (Fig. 2G). An aseptic enterostomy, after the 
general plan of Witzel, was placed 15 centimeters 
proximal to the enterotomy opening. Three grams 
of sulfathiazole powder was sprinkled about the sites 
of intestinal suture. The abdominal wall was closed 
with interrupted sutures of fine silk and an additional 
gram of sulfathiazole was incorporated in the abdom- 
inal wall closure. 

The operating time was 2 hours and 20 minutes. 
The blood pressure and pulse were recorded at 5 
minute intervals throughout the procedure. A graph 
of the systolic blood pressure and pulse is shown in 
Figure 3a. Both were well sustained throughout, 
with surprisingly little variation. 

The systolic blood pressure and pulse were re- 
corded at relatively short intervals for many hours 
after operation. These are depicted in Figure 3b. 
No evidence of shock was observed. 

Caloric and nitrogen balance was maintained dur- 
ing the preoperative and the early postoperative pe- 
riod by the daily intravenous administration of: 
(1) 1500 cubic centimeters of 20 per cent glucose 
solution (10 to 12 hours daily required for infusion); 
(2) 300 cubic centimeters amino acids; and (3) 300 to 
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4oo cubic centimeters of plasma. During operation, 
a total of 500 cubic centimeters of plasma was given. 
atone water and salt were given to maintain water 
and electrolyte balance. The patient’s weight fluc- 
tuated less than one kilogram during the period in 
which hydration and nutrition were maintained by 

para-oral feedings. 

The patient made an uneventful convalescence and 
was afebrile by the 6th day. The enterostomy cathe- 
ter was withdrawn about the roth day; there was no 
leakage. The patient remained as an ambulant pa- 
tient for a week after she was allowed up. She was 
dismissed January 1, 1942. A recent letter, March 
15, 1942, indicates that she has remained well. 


Monks (1903, 1908), Moynihan (1926), 
Vandenbergh (1920, 1941), Holden (1926), 
and Cheever (1932) have championed the use 
of operative means of intestinal evacuation. 
Holden employed it quite regularly. Most 
surgeons have been reluctant to employ such 
intestinal evacuation, essentially for 2 reasons: 
(1) the obvious hazard of spillage in the use of 
the Monks-Moynihan evacuation tube; and 
(2) manipulation incident to emptying the 
bowel and reefing the bowel upon the tube 
invited shock. 

A number of experimental studies appear to 
support this latter contention. Laewen (1927) 
was one of the first to point out that shock 
could be produced by stripping the distended 
obstructed bowel. Morton (1932) confirmed 
the observation and, in turn, Ochsner and 
Storck (1936), and Sperling and Kremen 
(1939) have verified this observation. It is 
well known that trauma to the unobstructed 
bowel is a favorite manner employed by ex- 
perimentalists to induce shock. 

Whether the procedure described herein will 
provoke shock remains to be determined. 
Suffice it to say that aseptic decompressive 
suction enterotomy can be accomplished with 
minimal trauma to the bowel wall, and that 
no evidence of shock has been observed in the 
4 patients upon whom the method has been 
used to date.! 


TECHNIQUE 


The technique? of accomplishing aseptic de- 
compression suction enterotomy is depicted in 


1The method has been employed now on many occasions with complete 
satisfaction. No evidence of shock has been observed. 

2 The writer is indebted to the pathological staff for permission to work 
out details of the use of the method on fresh cadavers. It is a duteous 
and pleasant obligation to acknowledge the helpful co-operation of my 
colleagues, Drs. Clarence Dennis, Arnold J. Kremen, and David State, in 
these preliminary trials with the method, 


Figure 2, and the use of the method is de- 
scribed in some detail in the preceding case 
history. It is important that the segment of 
bowel into which the trochar is to be intro- 
duced is emptied effectually (Fig. 1a) before 
the sutures are placed. A No. 22F. rectal tube 
is stiff enough to be advanced without diffi- 
culty into the dilated intestinal coils. The 
catheter exhibits multiple small perforations, 
not unlike the Kenyon-Pool metal abdominal 
suction tube. Nevertheless, it may be nec- 
essary to break the suction at intervals to 
obviate plugging of the holes in the tube by 
intestinal mucosa. The writer employs the 
ordinary bedside 2 or 3 bottle water siphonage 
apparatus to secure suction. A Sprengel water 
pump will do. A mild source of suction ap- 
pears to be most efficacious. In contradistinc- 
tion to the Monks-Moynihan maneuver, prac- 
tically all the manipulation concerns loops of 
bowel which have been emptied by suction. 
Monks devised intestinal evacuation to wash 
out toxic material from the distended bowel 
The writer employs intestinal evacuation as 
described herein with the sole purpose of re- 
ducing distention such that the surgeon may 
see and deal intelligently and effectually with 
the obstructing agency. 

As distended loops of bowel are emptied, 
they are reefed gently upon the catheter in the 
bowel, thus permitting advancement of the 
catheter into more proximal reaches of dis- 
tended intestinal coils. When the distention 
is essentially gaseous, external pressure upon 
the distended intestinal coils, combined with 
suction, suffices to effect decompression; when 
the distention is largely fluid in character, 
gentle elevation or tilting of the coils. will 
cause the fluid contents to run in the direction 
of the advancing suction tube. The catheter 
may be withdrawn from the bowel and ad- 
vanced in the other direction if desired. The 
Penrose drain overlying the No. 22 French 
suction tube’ (Fig. 2) precludes contamination 


*The reason the trochar is made large enough to accommodate a No. 
22 F. French rectal tube is that this is : e smallest size in which the long 
rectal tube is available, ready made. A trochar, accommodating a long 
No. 20 F. catheter, improvised in this clinic, has been used with com- 
plete satisfaction. In an infant of 4 weeks with acute obstruction and 
considerable distention, my colleague, Dr. Dennis, improvised a small 
glass tube, Frey mere ay be No. 12 French catheter, prepared as shown 
in Figure 2E to deal with the factor of distention at operation. The plan 
worked admirably. Evacuation of the distended coils of gut permitted 
visualization and division of an adhesive band attached to the posterior 

abdominal wall. 
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of the surgeon’s hands on withdrawal of the 
tube. The mineral oil (or better glycerine) 
within the Penrose drain facilitates manipula- 
tion of the suction tube within it. 


ASEPTIC ENTEROTOMY FOR REMOVAL OF A 
GALL STONE 


Current reports indicate that the mortality 
of gall-stone obstruction is still in the vicinity 
of 50 per cent (32). Obstruction of the intestine 
by a gall stone suggests a rather innocent and 
not potentially hazardous type of intestinal oc- 
clusion. The extraordinary peril of obstruction 
by a gall stone has its exploration apparently 
in 2 occurrences: (1) difficulty of recognition 
and (2) failure on the part of surgeons to re- 
move the gall stone aseptically. 

During the past 2 years, 3 instances of gall- 
stone obstruction were observed in this clinic. 
The type of aseptic removal shown in Figure 4 
was employed in these instances. There were 
no deaths. Segregating the intestinal loop in 
which the gall stone lies and stripping out its 
content permits the safe placement of sutures. 
It is never safe to place sutures in a distended 
intestinal bowel wall for each needle puncture 
will leak. After the preliminary emptying of 
the distended segment, however, immediate 
contraction of the circular muscle of the bowel 
wall occurs and the previously paper-thin in- 
testine attains more substance than the nor- 
mal bowel wall. If at all possible, the gall 
stone should be dislodged, so that the incision 
in the bowel wall may be made at a site where 
pressure has not compromised the viability of 
the bowel wall. If the gall stone is incar- 
cerated it may be dealt with as indicated in 
Figure 4B. If the entire circumference of the 
bowel wall were not viable, an experience 
which has not been encountered in this clinic, 
it would be wiser to resect the segment of 
bowel containing the gall stone, intestinal con- 
tinuity being established by an oblique end-to- 
end anastomosis. 

In the usual situation therefore after dis- 
lodgment of the gall stone and the segregation 
and stripping of the contents of the loop, in- 
terrupted Halsted mattress sutures of fine silk 
(Deknatel D) are placed, as indicated in Fig- 
ure 4A. These are pulled to either side by 
skin-hooks, permitting the incision to be 
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made, unhampered, directly over the gal! 
stone. As the gall stone is extruded, gentle 
traction is made on the sutures, and the trans- 
verse enterotomy opening may be closed with- 
out a drop of spillage. If no visible soiling oc- 
curs, the risk of operation is nil. In the main, 
a satisfactory and safe closure of the enterot- 
omy opening may be effected with a single row 
of Halsted mattress sutures, placed before the 
incision in the bowel is made. The additional 
placement of a few similar sutures, in a second 
row, may be made if it is believed desirable. 

Diagnosis. The recognition of gall-stone 
obstruction has been described elsewhere (32). 
It may be well to point out, however, that 
obturative obstructions may be deceptive in 
that transient and recurring obstruction may 
appear to be present. The upper jejunum has 
a larger diameter than the ileum; in conse- 
quence, the gall stone may be arrested tempo- 
rarily in its migration down the intestinal 
canal with periodic recurring attacks of intes- 
tinal colic, accompanied by nausea and vomit- 
ing. Only after the gall stone becomes lodged 
and fixed do the symptoms become definitely 
progressive. An obstruction which relents and 
recurs is very suggestive of intestinal occlu- 
sion by a gall stone. Owing to pressure necro- 
sis at the site of incarceration of the gall 
stone local abdominal tenderness in well de- 
veloped cases is usual. 

Case histories of patients with gall-stone ob- 

struction of small intestine 


Mrs. A. T., aged 70 years. Univ. Hosp. No. 
618442, was admitted because of back pain 48 hours 
before operation. Abdomen then negative. Thirty- 
six hour story of pain and vomiting. Abdomen ten- 
der; intestinal colic present. X-ray film showed dis- 
tended intestinal coils and a gall stone is visualized. 
Attempt was made to crush the gall stone over gauze 
with a large Payr crushing clamp. The clamp was 
sprung, but the stone was not dented. Operation is 
depicted in Figure 4. February 3, 1940, after tempo- 
rary suction, removal of large gall stone was accom- 
plished. Gall bladder region was not examined. 
After completion of operation, it was noted that gall 
stone was facetted. Convalescence was uneventful. 
Patient returned to hospital on April 4, 1940, with 
story of recurrent pain of 3 days’ duration. Study 
showed moderate intestinal distention. Miéiller- 
Abbott tube decreased distention somewhat. Be- 
cause of facet on large gall stone removed from bowel 
2 months ago, it was believed that patient had an- 
other gall stone in the bowel. At operation, 2 dense 





gal! 
sntle 
-ans- 
vith- 
¥ Oc- 
lain, 
-rot- 
row 
» the 
onal 
‘ond 
ible. 
tone 
32). 
that 
e in 
nay 
has 
nse- 
1po- 
inal 
tes- 
nit- 
ged 
tely 
and 
clu- 
Cro- 
gall 
de- 


ob- 


No. 
UTS 
rty- 
ten- 
dis- 
zed. 
uze 
was 
n is 
po- 
ym- 
ied. 
zall 
ful. 
rith 
idy 
ler- 
Be- 
wel 
an- 
nse 





Fig. 1. Techniques employed in this clinic to secure surgi- 
cal decompression of distended bowel in the presence of 
obstruction. All of these procedures may be performed 


adhesive bands were found engaging a loop of bowel. 
‘he larger band had cut a deep groove into the bowel 
wall. The bands were cut, and interrupted Halsted 
inattress sutures were employed to infold the groove 
in the bowel wall. Palpation of the gall bladder dis- 
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aseptically without spillage. a, Method of stripping a dis- 
tended segment of small intestine, which may be delivered 
onto the abdominal wall, prior to performance of enteros- 
tomy (see c). b, Alternative method of decompressing a 
distended segment of small intestine when it can not be 
delivered. c, The writer’s adaptation of the Witzel technique 
of enterostomy for obstruction. d, Method of tapping 
the obstructed colon aseptically. 


closed that stones were absent. The patient re- 
mained well. 

Mrs. E. V., aged 62 years, Univ. Hosp. No. 
657357, a small obese woman weighing 200 pounds, 
was admitted to the hospital October 7, 1940, be 
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site of incision 
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(Legend on opposite page) 


cause of'a story of abdominal pain of 3 days’ dura- 
tion. Feculent vomiting. X-ray films revealed con- 
siderable intestinal distention and gas was visualized 
in biliary ducts. (After the gall stone was found in 
the bowel, the gall stone could be identified on the 
x-ray film). Blood sugar was 388 milligrams per 
cent. Sugar was present in the urine. After fluids, 
suction and insulin, the patient was operated upon 
as shown in Figure 4. The gall stone could not be 
dislodged. A large nonviable flap of bowel overlay 
the stone. It would have been smarter to excise this 
flap as shown in Figure 4B. After removal of the 
stone, when the sutures were pulled up, the flap 
almost occluded the lumen. A proximal enterostomy 
was made. The gall stone removed was facetted, but 
the patient’s condition was too poor to permit ex- 
amination of the gall bladder. Convalescence was 
satisfactory. Because the gall stone removed was 


facetted and because of the compromise of the lumen 
by the large inversion at the site of enterotomy, the 
patient was dismissed from hospital with the enteros- 
tomy tube in place. Patient returned to outpatient 
clinic on December 3, 1940, and was instructed to 
clamp the enterostomy tube. The drainage from it 
had been slight. When she returned again on Decem- 
ber 19, 1940, the tube was withdrawn; she returned 
the next day and there had been no drainage from 
the site of enterostomy. The patient has remained 
well. 

Mrs. F. C., aged 58 years, Univ. Hosp. No. 700179, 
was admitted to the hospital October 9, 1940, with 
4 day story of pain and vomiting. Moderate intesti- 
nal distention was observed on x-ray film; also gas in 
the biliary system. Operation (Dr. C. Dennis): A 
large gall stone was found in the terminal ileum and 
removed as indicated in Figure 4. On December 6, 
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Fig. 2. Technique of aseptic decompressive suction enterotomy. A, Distended in- 
testinal coils. B, An intestinal loop near the conjectured site of obstruction is delivered 
and segregated between rubber-covered intestinal clamps, after being stripped, as in- 
dicated in Figure 1a. A pursestring suture is placed and an incision, transverse to 
its axis, is made in the bowel wall down to the mucosa. C, The length of the incision. 
D, The trochar is thrust into the bowel and the pursestring is tied. A T-tube, with 
the sidearm held vertically, permits the operator to make and break the suction if the 
intestinal mucosa exhibits a tendency to cling to the perforations in the tube. The 
trochar accommodates a No. 22 F. long rectal tube. The Penrose drain, with glycerine 
within it, facilitates manipulation of the rectal tube and prevents soiling or spillage. 
E, The trochar in operation, in a sectional view. The small perforations in the catheter 
preclude injury to the bowel during suction. F, The intestinal trochar. G, Closure of 
the enterotomy opening with interrupted Halsted mattress sutures of fine silk, after the 
obstructive agency has been dealt with. H, How intestinal evacuation is effected by 
mild suction applied to the intestinal trochar. I, The volumetric reduction effected 
by intestinal evacuation affords an opportunity of determining the nature of the ob- 
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1940, the patient returned for removal of the gall 
bladder and repair of the cholecystoduodenal fistula 
(Dr. Dennis). The patient has remained well. 


OPERATION FOR NONROTATION 


In nonrotation of the midgut loop the small 
intestine lies on the right side of the abdomen 
and the colon on the left. These patients, fre- 
quently, are subject to periodic attacks of vol- 
vulus of the small intestine occasioned by the 
incomplete fixation of the mesentery of the 
small intestine. The writer has had occasion 
to operate upon a few such patients for recur- 
rent pain and obstruction. Three operations 
similar to that depicted in Figure 5 have been 
performed, the first having been done June 23, 
1938. The primary consideration is to attempt 
to secure mesenteric fixation for the small 
intestine in such a manner that it is less likely 
to undergo torsion. It occurred to the writer 
that the best manner in which to accomplish 
this end was to begin by returning the small 


intestine to its normal habitat. By making 
the two incisions shown in Figure 5b, the 
colon and small intestine can be mobilized 
quite easily, thus permitting replacement of 
the colon in its normal position. A hole is 
made, then, in the transverse mesocolon and 
the small intestine is dropped through this 
aperture. As this maneuver returns the small 
intestine to its normal position, it is observed 
that if the last ileal loop is pushed through the 
new aperture in the transverse mesocolon, a 
twist is left in the ascending colon. I propose, 
therefore, to deal with this situation as shown 
in Figures 5 and 6. The terminal ileum is di- 
vided about 15 centimeters proximal to the 
cecum; the distal end is closed, a catheter be- 
ing threaded into it and through the ileocecal 
valve into the cecum. This short loop of ileum 
is then anchored to the lateral abdominal 
wall, and the catheter is brought out as a 
safety vent, through a stab wound. The prox- 
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Fig. 3. Chart of blood pressure and pulse in the patient 
Mrs. L. B. (Case 3), upon whom aseptic decompressive suc- 
tion enterotomy was performed. a, above, Pressure and pulse 
recorded at five minute intervals during the operation. No 
fall in pressure; usual pulse fluctuations in an ill patient. 


imal position of the divided ileum is anas- 
tomosed obliquely, end-to-side to the cecum. 
It might appear that after division of the ter- 
minal ileum an oblique end-to-end anastomo- 
sis could be effected; however, in order to 
mobilize the terminal ileum adequately to per- 
mit this procedure, it would become necessary 
to divide some of the mesentery of the termi- 
nal ileum, compromising its blood supply. 
Hence, the operation as depicted in Figure 5 is 
the procedure of choice. 

It now remains to secure satisfactory an- 
chorage of the colon to restore the normal 
relations of cecum, ascending colon, hepatic 
flexure and proximal position of the transverse 
colon. This is not difficult to do (Fig. 5 c) and 
is accomplished readily by the placement of a 
few interrupted silk sutures. The more diffi- 
cult task, now remaining, concerns securing 
mesenteric fixation for the small intestine. 
This is not accomplished so readily, for the 
small intestine is pedicled frequently on a 
narrow stalk of mesentery. Yet, now, with 
the normal horse-shoe-like boundaries of the 
colon re-established, the whole mid-abdomen 
is available for occupancy by the small intes- 
tine. A few well placed sutures between the 
mesentery of the small intestine and the poste- 
rior parietal peritoneum will serve to anchor the 
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b, Pressure and pulse recordings at frequent intervals for 
39 hours after operation. Use of exaggerated Trendelen- 
burg position after operation caused an elevation of pres- 
sure. Lowering of the bed 2 notches on the shock-frame re- 
duced the pressure to the earlier level. 


small intestine in a more satisfactory manner. 

The writer has found no mention in the 
literature of a similar operation for nonrota- 
tion. In response to an inquiry (August 7, 
1941), a number of American Surgical col- 
leagues (36), who have been interested in 
anomalies of intestinal rotation, wrote me 
that they were unfamiliar with the operation 
described herein. Obviously, this is not an 
operation to be performed during an obstruc- 
tive episode. It would appear, however, that 
the operative procedure has some worth to 
recommend it for the patient with nonrotation 
who suffers periodic bouts of obstruction. It 
has the special merit of restoring the configura- 
tion of the final counterpart of the fetal mid- 
gut loop to the position occupied normally by 
these mature intestinal segments. 

Case histories of patients having operation 
for nonrotation. Three patients, 2 boys (10 
and 14) and a man of 26 were operated upon 
because of periodic attacks of abdominal pain 
and vomiting. All three presented evidence of 
nonrotation of the intestine; Cases 1 and 3 ex- 
hibited complete nonrotation of the mid-gut 
loop (Dotts’ (7) Group I, in derangements of 
the second state of intestinal rotation). Case 3 
presented partial nonrotation (Dotts’ Group 
III, malrotation). Cases 1 and 3 presented, in 
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Fig. 4. Technique of aseptic enterotomy for removal of a gallstone. A, After evacu- 
ation of content of loop as shown in Figure 1a, interrupted Halsted mattress sutures 
of fine silk are placed. A transverse incision is made between the sutures, which are 
pulled aside with skin hooks. B, A scheme of excising devitalized bowel wall over the 
incarcerated stone, in order to obviate narrowing of lumen from overinversion of tissue. 
C, Extrusion of the stone. Preliminary evacuation of the content of the segment prior 
to segregation between clamps precludes spillage. D, Closure of enterotomy opening 
is effected by pulling up the sutures. An additional row may be placed, if desired. 





SURGERY, GYNECOLOGY 


AND OBSTETRICS 


Fig. 5. 
(Legend on opposite page) 


addition, extrinsic duodenal stenosis (Waugh- 
Ladd compression syndrome). The type of 
corrective repair of the nonrotation shown in 
Figure 5 was undertaken." 


Case 1. K. B., aged 14 years, Univ. Hosp. No. 


10n August 18, 1942, a fourth patient, Mr. D. W., aged 6 years, Univ. 
Hosp. No. 669744, was operated uponf or complete nonrotation (Dott, 
group 1). The operation described herein was done—however, an 
enterostomy on the terminal ileum was not done as depicted in Figure 
5d because after transection of the lower ileum and division of its mesen- 
tery, the terminal ileum did not appear viable. It was excised and 
appendectomy was done also. The patient had suffered periodic attacks 
a bowel obstruction since birth. The patient has remained well since 
operation. 

A striking finding in this case as in others, mentioned herein, was the 
marked distention of the mesenteric veins, particularly those to the right 
half of the colon. An attempt was made to ascertain whether any ob- 
structive mechanism was present to account for the finding. The supe- 
rior mesenteric vein was traced up to the inferior border of the pancreas; 
the portal vein was uncovered in the gastrohepatic omentum. Finger 
dissection beneath the pancreas, along the course of the portal vein, was 
carried out. All of these maneuvers failed to disclose any obstructive 
mechanism. Unfortunately, the mesenteric venous pressure was not de- 
termined. The liver appeared normal. 


669772. This boy was admitted June 21, 1938, be- 
cause of periodic vomiting; in addition, there had 
been periodic attacks of abdominal pain. A few 
years ago, the appendix was removed in one of these 
attacks. The patient has just recovered from a se- 
vere attack of abdominal pain and vomiting of 10 
days’ duration. X-ray studies demonstrated an 
enormous dilatation of the duodenum, it being fully 
as large as the antrum of the stomach. There was 
also about 80 per cent retention of barium in the 
stomach after 4 hours. After 24 hours, there was 
still a good deal of barium left in the stomach. The 
small intestine was largely on the right side of the 
abdomen and the colon on the left. 

Operation was performed June 23, 1938, under 
cyclopropane anesthesia (operating time 3 hours). 
Numerous adhesions were encountered when the 
peritoneal cavity was opened, suggestive of an ante- 
cedent peritonitis. The greater omentum was al- 
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Fig. 5. Operation for nonrotation. a, Condition as noted at operation. b, Peritoneal 
incisions to mobilize the bowel. c, The colon has been pulled to the right; a rent is 
made in the transverse mesocolon, and the small intestine is dropped through it into 
its normal inframesocolic position. d, Severance of terminal ileum to effect the com- 
plete return of the small intestine below transverse mesocolon. An oblique end-to-side, 
closed anastomosis is made between theileum and cecum. A catheter is threaded through 
the terminal closed segment of ileum into the cecum to be employed as a decompressive 
vent during the recovery period. e, Effect of attempting complete return of the small 
intestine through the slit in the transverse mesocolon—a twist remains in the ascending 
colon. f, Transection of the ileum affords a better solution. The proximal ileum is 
anastomosed obliquely, end-to-side to the cecum or ascending colon, and the distal 
segment is inverted—a No. 14 urethral catheter being threaded into it to afford a 


safety vent. 


tached between stomach and duodenum and had no 
colonic attachment on the right side of the abdomen. 
The enormously dilated duodenum lay anterior to 
the superior mesenteric vessels. There were a 
number of dense, fibrous, cord-like bands cross- 
ing the duodenum near the spine (Waugh-Ladd 
compression syndrome). The entire small intestine, 
cecum, ascending colon and hepatic flexure had a 
common mesentery. The small intestine occupied 
the right portion of the abdomen, and the colon was 
entirely on the left side. 

The operative procedure consisted of division of 
the adhesive bands compressing the duodenum and 
freeing up of the entire duodenal loop. The attach- 
ment of omentum between stomach and duodenum 
was undone, and eventually the omentum was re- 
attached to the right transverse colon which had 
been entirely devoid of an omental attachment; in 
turn, the omentum was sutured to the stomach, thus 
establishing the normal relationship. The liberated 
right colon, including cecum, ascending, and the 
proximal half of the transverse colon, was pulled to 
the right and fixed in the normal position for these 
components. It was possible, in this way, to recon- 
struct the normal configuration of arrangement of 
intestinal segments, the only exception being that 
‘he first jejunal loop emerged from the right of the 
spinal column instead of from the left, as is usual in 


the presence of a fully developed ligament of Treitz. 
The duodenum now lay behind the transverse meso- 
colon, whereas at the beginning of the operation the 
duodenum was in front of it. 

The patient convalesced uneventfully and was 
dismissed on July 6, 1938, 13 days after operation. 
A roentgen study, November 19, 1938, demonstrated 
a normal configuration of arrangement of the intesti- 
nal segments, including stomach, duodenum, small 
intestine, and colon. The patient has grown in 
height and size, exhibiting a weight gain of more 
than 50 pounds. He has been completely free of 
abdominal pain. 

Mr. J. L. v. E., aged 26 years, Univ. Hosp. No. 
644839, was admitted on the Medical Service Octo- 
ber 3, 1938, and transferred to the Surgical Service 
October 20, 1938, with complaint of periodic attacks 
of vomiting and bowel obstruction all his life. As an 
infant and a child, the patient had so many attacks 
of abdominal pain and vomiting that his mother had 
little hope of being able to raise him. X-ray study 
disclosed nonrotation of the small intestine, it oc- 
cupying the right side of the abdomen and the colon 
the left side. 

Operation was done October 24, 1938 (cyclopro- 
pane anesthesia, operating time 2 hours, 15 min- 
utes). The duodenum was intraperitoneal; however, 
the third portion inclines somewhat to the left, and 
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there was some fixation of the duodenum on the 
posterior abdominal wall, before it merged with the 
jejunum. The duodenum did not lie behind the 
superior mesenteric vessels. The mesenteric arteries 
appeared to come off the parent vessel in a fan-like 
fashion as far as the transverse colon. The trans- 
verse mesocolon was fully developed. The fixation 
of the left colon was normal, save that the splenic 
flexure did not go as high as is usual. 

Operative procedure. The incisions shown in Figure 
5 b were made and the jejunal coils and right colon 
freed up. When the colon was drawn to the right, 
the coils of small intestine were confined above and to 
the right of the mesocolon. It became apparent that, 
in order to re-establish the normal situation, a hole 
would have to be made in the transverse mesocolon, 
through which the intestinal coils could be returned 
to their normal position, beneath the transverse 
mesocolon. Such a hole was made, the mesentery 


Fig. 6. Roentgenograms of 
nonrotation of the intestine 
before, a and b, and after, c 
and d, operation (Case 8). a, 
The small intestine lies on the 
right side of the abdomen. b, 
The colon lies on the left. c, 
After operation (Fig. 5) the 
small intestine lies within the 
U-loop of the colon. d, Position 
of the colon and terminal ileum 
outlined by a barium enema. 


d 


being incised below the marginal vessels of the trans- 
verse colon at the root of the mesentery. After re- 
peated trials, it was observed that all the coils of 
small intestine could be returned through this aper- 
ture, but a twist remained in the ascending colon. 
It was decided to absorb this 360 degree twist over 
the entire extent of the ascending colon (see Case 3). 
The colon was fixed in the normal position. The duo- 
denum was returned to normal position, but it could 
not be brought behind superior mesenteric artery. 
The patient seemed to have considerable pain 
after operation, though the operative reaction was 
not unusual. The torsion, which was allowed to re- 
main in the ascending colon, was a source of worry, 
and 2 days later the abdomen was re-explored. There 
was no suggestion of compromise of the blood supply 
of the right colon, but an appendicostomy was made 
to obviate great increases of intraluminal tension in 
the cecum. The patient convalesced satisfactorily 
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and was transferred back to the medical service 
November 8, 1938. 

The patient has done well, save for occasional 
slight twinges of abdominal pain. There have been 
no attacks like those prior to operation; the patient 
has been able to work and he eats everything. On 
semiannual visits to the out patient clinic, the pa- 
tient reported himself as doing well. Recently he 
was inducted into the army for active military duty. 

CASE 3. J. A., aged 10 years, Univ. Hosp. No. 
685424, was admitted to pediatric service September 
18, 1939, complaining of frequent recurrent spells of 
periodic vomiting, dizziness, and malnutrition. The 
vomiting was of such a character as to arouse sus- 
picion of the presence of an intracranial compressive 
lesion. X-ray studies revealed a considerably dilated 
duodenum, suggestive of extrinsic duodenal stenosis. 

Operation was done September 25, 1939, under 
cyclopropane anesthesia (operating time 3 hours, 15 
minutes). The duodenum was very much dilated. 
The superior mesenteric artery ran behind the duo- 
denum and the coils of small intestine obscured the 
right colon... The cecum lay to the right of the verte- 
bral column; it had not completely descended and 
the ileum entered it from the right (Dotts’ Group ITI, 
malrotation of midgut loop). Dense adhesions com- 
pressed and obstructed duodenum at usual site of fix- 
ation near spine. The right half of greater omentum 
ran between stomach and duodenum; no omental 
attachment to transverse colon in its right half. 

The dense adhesive bands, narrowing and com- 
pressing the duodenum were cut; the right colon was 
freed-up and brought to its normal position. The 
veins in the mesentery were unusually large. The 
transverse mesocolon was fully developed, and it was 
necessary to make an incision in it, in order to return 
the coils of small intestine to their normal location. 
When the terminal ileum was pushed through the 
aperture in the transverse mesocolon, a 360 degree of 
torsion remained in the ascending colon. The ter- 
minal ileum was divided approximately 15 centime- 
ters proximal to the cecum. This maneuver per- 
mitted delivery of the entire proximal ileum through 
the rent in the transverse mesocolon. It was our 
intention to tip the short distal segment of the ileum 
medially, either over or beneath the cecum, and to 
make an oblique end-to-end closed anastomosis be- 
tween the 2 ileal segments. It became apparent, 
however, that it would be impossible to mobilize this 
segment without compromising its blood supply. I 
inverted the distal end, therefore, and dropped it 
back. An oblique end-to-side aseptic anastomosis 
was made between the ileum and the cecum. The 
appendix was excised. 

During the early convalescence, there was consid- 
erable intestinal distention. (It would have been 
smarter, undoubtedly, to employ the terminal ileum 
for prophylactic decompression of the cecum asis 
shown in Figure 5d). The patient was dismissed 
from the hospital October 28, 1939. He returned to 
the out patient clinic 6 months later, exhibiting a ro 
pound weight gain. A stasis ray showed the gastro- 


intestinal motility to be normal. The pelvic colon 
was unusually redundant. The boy’s mother wrote, 
April 1, 1942, in response to an inquiry: ‘“‘ John was 
getting along nicely and there was no return of the 
stomach trouble. Three months ago, while out hunt- 
ing rabbits with his brother, John was shot and 
killed accidentally.” 


It is to be noted that, in Case 1 the en- 
tire midgut loop had a common mesentery. 
That is the arterial segment (proximal to the 
embryonic vitelline intestinal duct) and the 
postarterial (portion of the bowel between 
vitelline duct and midtransverse colon) were 
pedicled on a common jejunoileal colonic mes- 
entery. The right colon did not have its own 
mesentery and the transverse mesocolon was 
not developed. In consequence, it was pos- 
sible to restore the final normal configuration 
of arrangement of intestinal segments, merely 
by freeing and pulling the colon to the right 
and fixing it in its usual position. In Cases 2 
and 3, however, in which the transverse meso- 
colon was fully developed, it became necessary 
to establish an aperture in it, through which 
the coils of small intestine were dropped, in 
order to place them in their normal position 
below the transverse mesocolon. This ma- 
neuver necessitates division of the terminal 
ileum and an oblique, aseptic end-to-side 
anastomosis between the ileum and the cecum. 
It is recommended, further, that the short 
terminal segment of ileum be employed as a 
temporary decompressive vent, to obviate dis- 
tention of the cecum during convalescence. 
This operative procedure succeeds in restor- 
ing in a fairly normal manner, the usual nor- 
mal arrangement of the intestinal segments.’ 
In the main, though the small intestine comes 
to lie below and within the confines of the 
colon, nevertheless, there is a tendency for 
the coils of small intestine not to occupy the 
upper left quadrant of the abdomen. The 
functional results of the operation, though 
not brilliant, have been very satisfactory. 

It is emphasized, further, that extrinsic duo- 
denal stenosis and nonrotation may coexist. 


1Recently, oe the course of a gastric resection for an obstructing 


bleeding duodenal ulcer, nonrotation of the bowel] was discovered in 
another patient, Mr. W. E., aged 23 years, Univ. Hosp. No. 722007. 
The cecum and ascending colon were remarkably free (cecum mobile). 
Should this patient subsequently require operation for the nonrotation, 
I would propose doing a hemicolectomy, instead of the operation herein 
denial. in that the mobile cecum and ascending colon would be dealt 
with effectively. Because of the unusual mesenteric attachment an ante- 
rior rather than a retrocolic anastomosis had to be done at gastric resection. 
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SUMMARY AND CONCLUSIONS 

A general improvement has come about in 
the results of treatment of acute intestinal 
obstruction. From surgical clinics professing 
an especial interest in the problem, a persist- 
ent mortality varying from 12 to 20 per cent 
is reported still. Strangulating obstructions 
and late cases of simple obstruction with great 
distentions contribute largely to this residual 
mortality. There is, however, a definite mor- 
tality of treatment, which should be identified. 
Too enthusiastic reliance upon suction manage- 
ment contributes to the mortality of treatment. 

Reduction in the existent residual mortality 
of acute intestinal obstruction must come 
about largely through improvement of surgi- 
cal techniques. When surgeons learn that 
aseptic surgical decompressions are mandatory 
for success with operative maneuvers, in the 
presence of obstruction and large distentions, 
general betterment will become apparent 
again in the management of bowel obstruc- 
tion. How a surgical tap of a distended ob- 
structed intestine is done is equally as impor- 
tant as the choice of procedure. The experi- 
ence of this clinic with nonviable strangulated 
bowel suggests that primary intestinal resec- 
tion with oblique end-to-end anastomosis, the 
closed technique being used, is a safe and satis- 
factory procedure. During the past year, in 
nine consecutive patients with nonviable 
strangulated bowel there were no deaths. 

Three new operative techniques for em- 
ployment in the bowel obstruction problem 
are described: (1) Aseptic decompressive suc- 
tion enterotomy. This procedure affords a 
means of relieving intestinal distention at 
operation in an aseptic manner, permitting 
visualization of the site of obstruction, thus 
enabling the surgeon to deal more effectually 
and directly with the obstructing agency; (2) 
Method for aseptic removal of an obstructing 
gallstone. (3) A corrective operation for non- 
rotation of the intestine. Case histories illus- 
trating each operative procedure are cited. 

It is concluded that for the immediate years 
which lie ahead better results in the treatment 
of acute intestinal obstruction will be achieved, 
essentially by improvement in surgical tech- 
niques. When surgeons master the problem of 
decompressing a distended bowel at operation, 
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the present mortality of obstruction, though 
considerably better than that of the presuc- 
tion era, will appear large in contrast with 
that to be achieved by a well balanced use of 
conservative decompression, and timely and 
precisely executed aseptic surgical procedures, 
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REPAIR OF SEVERED TENDONS OF THE HAND AND WRIST 


Statistical Analysis of 300 Cases 


HARRY MILLER, M.D., Detroit, Michigan 


HE severance of tendons of the hand 

is a common hazard which frequently 

ends in marked disability. When 

poor results follow such injuries, 
great economic losses are sustained. Despite 
the importance of care in handling these in- 
juries, too frequently they are considered 
lightly, and the most inexperienced house 
officer is detailed to their care. The successful 
repair of flexor tendons is surrounded with 
difficulties, but when the problem is handled 
with due consideration there is no need for 
the pessimistic outlook of those who hold that 
successful repair of flexor tendons cut in their 
digital course is almost impossible. 

It is the purpose of this paper to direct at- 
tention to some of the more important features 
of tendon repair as disclosed by statistical 
analysis and to discuss certain technical proce- 
dures which have been found effective in the 
handling of these cases. Three hundred cases 
form the basis of this analysis; complete fol- 
low-up data are available in only 136 of these 
cases, however. It will be possible, neverthe- 
less, to draw certain conclusions from a par- 
tial review of the cases not completely 
followed. The discussion does not include 
lacerations of peripheral nerves, though in 
general the same surgical principles apply. 


SOURCE OF MATERIAL 


In the past 4% years, 300 patients were 
operated upon at the Detroit Receiving Hos- 
pital for lacerations of tendons of the hand. 
The present study was begun by Dr. R. E. 
Speirs and previously reported. The examina- 
tions were made and operative work was done 
by a fixed house staff. All patients were sub- 
sequently seen and followed in a centralized 
hand clinic. 


From the Department of Surgery, Wayne University College 
of Medicine and the Department of Surgery, Detroit Receiving 
Hospital. 


DEFINITION OF TERMS 


In evaluating the cases in this series, the 
qualifying terms ‘‘excellent,” ‘‘good,” “‘fair”’ 
and “poor” are employed. Functional rather 
than anatomical results are primarily con- 
sidered. 

A result is considered as excellent when the 
range of motion, the strength and co-ordina- 
tion, and the blood and nerve supply have 
been restored to the status existing prior to the 
acute injury. 

A good result is one in which there is im- 
pairment of motion in the terminal 20 degrees 
of flexion of the digits, or a 5 to 10 degree drop 
of the extensor, and in which there is only 
slight impairment of strength and no impair- 
ment of vascular and nerve supply. In this 
group approximately 80 per cent restoration 
of function is obtained. 

A fair result is recorded when there is failure 
to flex the digital joints beyond 45 degrees or 
to extend the digits to beyond 135 degrees of 
the horizontal, when the strength of the hand 
and digits is moderately impaired and when 
there is functional impairment of 50 per cent. 

Poor results are indicated when there has 
been either a complete disruption of the suture 
line with resultant failure in flexion or exten- 
sion depending upon the tendons severed, or 
when there has been ankylosis in flexion or 
complete extension by a contracting scar. 
There may or may not be impairment of blood 
and nerve supply. Functionally the digit is 
useless. 

In the following charts the good results in- 
clude those cases in which the functional loss 
has been no greater than 20 per cent while the 
fair results include those cases in which the 
functional loss has been between 20 and 50 
per cent. Poor results are recorded when the 
functional loss is greater than 50 per cent. 
Fair results have been grouped with poor 
results in this series of cases. 
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TABLE I.—RESULTS OF TENORRHAPHY IN 136 CASES—JANUARY 1, 1938—MAY 1, 1941 
————— _— sult a f°! ee iiecati we 
as Total % pasate Total % 
Location = oe Good Location | No. Good 
Good ve cases | results ee iis cases | results 
Flexos ss—~S | ‘Extessors SS ms, 
Wrist 17 I 18 04 Wrist 15 2 17 88 
Palm 10 I II 90 Dorsum 14 I 15 9. il 
Pollicis longus 8 I 9 88 ma 
Proximal phalanges 20 II 31 64 | S- 
Middle phalanges 12 4 16 75 
Distal phalanges 2 ° 2 100 i 
Total digital flexors 42 | 16 58 | 72.4 | Total digital extensors 16 I 17 | 04 
Total flexors 69 | 33 87 79 Total extensors 45 4 | 49 | 92 
DISTRIBUTION 


Considering the entire group of 300 cases, 
421 flexor tendons and 183 extensor tendons 
had been severed. The tendons coursing over 
the volar and dorsal aspects of the wrist were 
involved in 36 per cent of the cases, while 
those in the palm and dorsum of the hand 
were severed in 20.7 per cent of the cases. 
Flexor and extensor tendons in their digital 
course were severed in 192 instances, or 43 
per cent of the cases. The ring and middle 
fingers were most frequently involved; the 
thumb less frequently; the index finger was 
involved less often than noted by O’Shea in 
his cases. Lacerations of flexor tendons in 
their digital course was one and one-half times 
more frequent than lacerations of extensors in 
their digital course. The extensors of the 
thumb were most frequently severed. 

An examination of Figure 1a, in which the 
sites of flexor tendon lacerations are outlined, 
discloses that the greatest number of lacera- 
tions occurred over the proximal phalanges; 
121, or 73 per cent, of the flexor tendons were 
lacerated in this region. The tendons coursing 
over the middle phalanx were involved in 48 
cases, or 25 per cent, while the deep tendons at 
their attachment to the distal phalanges were 
sectioned in but 3 instances. 

The ring finger, middle finger, index, little 
finger, and thumb were involved in the order 
named. The tissues over the proximal pha- 
langes of the ring and middle fingers were 
most frequently lacerated. It will be noted 
that there were no cases in which the long 
flexor tendon to the thumb was sectioned at 


its attachment to the distal phalanx. Many 
of these tendon injuries resulted from grasping 
at moving knives. Since the greatest force of 
the grasp is exerted over the proximal pha- 
lanx, it is reasonable to expect most of the 
injuries to occur over this area rather than 
over the distal phalanx. 

Considering Figure tb, it will be noted that 
73 out of 183 extensor tendons, or 40 per cent, 
occurred over the dorsum of the hand; where- 
as 28 per cent of all extensor lacerations 
occurred over the wrist. The rest of the lacera- 
tions were scattered over the digits. The flexor 
tendons at the wrist were involved 1.5 times 
more frequently than the extensors at the 
level of the wrist. 

The distribution of extensor tendon lacera- 
tions was as follows: extensor pollicis longus, 
28; extensor pollicus brevis, 7; extensor carpi 
radialis longus, 6; extensor carpi radialis 
brevis 3; extensor carpi ulnaris, 4; extensors of 
digits (in digital course), 43; extensors of digits 
(dorsum), 66; extensors of digits (in carpal 
course), 25; abductor pollicis, 1; a total of 183. 


ANALYSIS OF RESULTS 


A review of the results in 136 cases in which 
adequate follow-up data are available is pre- 
sented in Table I and Figure 2. Follow-up 
results are recorded 6 weeks to 3 years after 
initial injury. It will be noted that lacerations 
involving the tendons at the level of the 
proximal phalanges gave the poorest results. 
The results improve at the tips of the fingers 
and at the wrist. It is interesting to note that 
there were only 3 cases in which lacerations of 
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Fig. 1. Distribution of injuries in 300 cases. a, left, Palm 
injuries including fingers, 192 cases; palm, 52 cases; wrist 
177 cases, or a total of 421 flexor tendon injuries. b, Dor- 
sum injuries including fingers, 58 cases; dorsum of hand, 73 
cases; and wrist 52 cases of injuries of extensor tendons. 


flexor tendons occurred at their points of in- 
sertion into the distal phalanges. All of these 
tendons healed with good functional result. 
In general, results of tendon lacerations on the 
flexor surface are found to be better over the 
wrist and palm and poorer over the proximal 
and middle phalanges. 

Considering the extensor tendons it will be 
noted (Table I) that 4 poor results are 
recorded in 49 cases. Two of these cases were 
complicated by severe infection, and in the 
other 2 disruption of the suture line occurred 
as a result of too early removal of splints. In 
general, extensor tendons heal well in over go 
per cent of the cases and often do so with sim- 
ple splinting without approximating sutures. 


ANALYSIS OF POOR RESULTS 


Of the 22 cases showing fair and poor re- 
sults, 19 were followed. Seven patients pri- 
marily sutured presented complete inability 
of digital flexion. Several explanations for 
these failures are recorded; they are as follows: 
(1) too early removal of splints by the patient 
or family physician; (2) vigorous physio- 
therapy applied too early; (3) too early en- 
gagement in hazardous activities resulting in 
breakage of the splint and suture line; (4) in- 
fection as a result of curiosity by the patient 
leading to removal of dressings. 

Two cases in which the extensor tendons 
were repaired resulted in loss of ability to 
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Fig. 2. Results of tenorrhaphy in 136 cases. 


maintain extension because of too early re- 
moval of the hyperextension splint over which 
we had no control. In 2 cases associated com- 
pound fractures resulted in fixation at the 
metacarpophalangeal joints with resultant 
partial loss of function of the involved digits. 
One case in which the flexor pollicis longus 
was severed and sutured developed a scar 
contracture along the thenar eminence over 
the original line of laceration, limiting some- 
what extension of the thumb, although flexion 
could be carried out through a normal range. 
In one case a severe crushing injury to the 
index finger caused necrosis of skin following 
primary flexor tendon repair. The tendons be- 
came infected and sloughed. It is wise in 
severe crushing injuries to avoid primary ten- 
don suture unless there is reasonable assurance 
that the line of tendon suture will remain cov- 
ered by healthy skin. Postoperative infection 
resulting in necrosis of extensor tendons 
occurred in 2 cases. In 5 cases superficial 
stitch abscesses were noted and in an addi- 
tional 11 cases localized areas of aseptic 
necrosis occurred along the skin suture line; 
neither of these complications affected in any 
way the ultimate result. Four additional fail- 
ures occurred: these presented fixation of the 
fingers in varying degrees of flexion. These 
failures are attributed to errors in technique 
of repair, such as the suturing of both super- 
ficial and deep tendons in their digital course, 
errors in construction of pulleys, increased 
individual reaction to suture material, and 
either too early motion, or prolonged splinting. 
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AGE AND FUNCTIONAL RESULT 


Correlation of the age of the patient with 
functional result was made in the most recent 
86 cases. In the age groups 1 to 19, 21 cases 
of 22 obtained good or excellent results; 
whereas the poorest results were obtained in 
the age group 20 to 39. This is the more active 
and least controllable group of patients, who 
frequently change physicians and who are 
engaged in more hazardous activities. 


DISCUSSION OF FACTORS INFLUENCING 
PROGNOSIS IN TENDON REPAIR 


There are three important considerations 
in the successful care of severed tendons: 
(1) accurate determination of the extent of 
injury; (2) painstaking care in repair; and 
(3) perseverance in restoring function. 

The examination of the hand to determine 
the nature of the injury is directed primarily 
toward determining deviations from normal 
functions. Accordingly, the hand and not the 
wound, is to be examined. Probing the wound 
is dangerous and contributes nothing. Every 
tendon has a definite function to perform and 
if there is disturbance of normal movements 
of the hand, it should be assumed that the 
tendons or nerves or both are injured. 

The diagnosis of tendon and nerve injuries 
has been adequately covered in recent publi- 
cations by Couch and Winfield. The limita- 
tions of motion by pain is confusing; however, 
if the digit is passively moved to the desired 
position and the patient is asked to maintain 
this position, the integrity of the tendon or 
nerve will be established. The most valuable 
diagnostic information is obtained by deter- 
mining the loss of motor power. Testing for 
impairment of sensation is often unreliable 
during the acute phase. It is not infrequent, 
however, for the patient to volunteer the in- 
formation that his finger feels ‘‘dead’”’ or 
“numb.” 


REPAIRABILITY OF TENDON 


The first essential in treating a patient 
suffering from trauma is to evaluate the con- 
dition of the patient as a whole, for in the face 
of serious injuries elsewhere in the body, pri- 
mary repair of tendons becomes of secondary 
importance. When there is marked lack of 


co-operation resulting from maniacal drunken- 
ness or from psychotic episodes, primary re- 
pair is not done unless close postoperative 
supervision is available. 

The prevention of infection is the second 
major consideration, for in its elimination 
rests the success or failure of the tendon 
repair. The prevention of infection is depend- 
ent upon prompt removal of contamination by 
early surgery. Lacerations involving tendons 
and nerves, if untreated for more than 4 hours, 
are best treated by careful cleansing of the 
wound, débridement, and closure of the sub- 
cutaneous tissues and skin. When primary 
healing has occurred, secondary repair may be 
performed after 3 weeks. In lacerations oc- 
curring at the wrist and dorsum of the hand 
and made with relatively clean objects and 
not subsequently contaminated from human 
sources, a 6 hour maximum limit has usually 
been accepted; this is especially so in the case 
of extensor tendons. Lacerations of flexor 
tendons in their digital course as well as over 
the palm are not primarily sutured if over 4 
hours old. 

Faulty first aid, such as (1) the use of un- 
sterile instruments, dressings and _ fingers; 
(2) the mass ligation of bleeding vessels with 
heavy catgut, thus crushing large masses of 
tissue; and (3) the careless wiping of wounds 
with strong antiseptics, all serve to break 
down the resistance of tissues to infection and 
contraindicate primary suture of tendons. 

It is unwise to attempt tendon repair with- 
out adequate assistance and equipment. Suc- 
cessful repair demands the best of operating 
room facilities and should not be attempted in 
emergency room or in offices. The use of fine 
instruments and fine silk suture materials are 
essential to successful repair. 


PREOPERATIVE PREPARATION AND REPAIR 


In the preparation of the hand we have 
followed the technique repeatedly described 
by Koch and Mason. After the extent of the 
injury is determined the patient is taken to 
the operating room where the dressing, with 
the exception of that portion covering the 
wound, is removed. The surrounding skin is 
primarily shaved and then carefully washed 
with soap for a period of 5 minutes and irri- 
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gated with saline. Bland white bar soap or 
orvus (2) is preferred. The covering of the 
wound is then removed and gentle washing 
with cotton sponges is continued for a full 10 
minutes. Cotton sponges are changed fre- 
quently. The wound is irrigated with several 
quarts of warm saline. No antiseptics are 
applied because of their deleterious effect on 
exposed tissue. This preparation is performed 
under general anesthesia and in the presence 
of a bloodless field obtained by inflation of the 
blood pressure cuff to 250 millimeters mercury. 

Adequate exposure is essential to successful 
repair. The majority of wounds of the hands 
are transverse in direction and usually too 
small for adequate visualization of the under- 
lying tissues; these are best enlarged by mak- 
ing longitudinal incisions distally and proxi- 
mally from either end of the original laceration 
along the sides of the digits. Enlarging inci- 
sions running perpendicular to the flexion 
creases of the palm or down the midline of the 
fingers or wrist should be avoided whenever 
possible. An incision running perpendicularly 
through the center of a laceration will come 
together in four flaps, the tips of which are 
approximated with difficulty, and because of 
poor blood supply tend to become necrotic, 
leaving exposed the line of tendon suture; thus 
further decreasing the chances for a good re- 
sult. Midline incisions tend to form contract- 
ing midline scars which in themselves will 
impair function. It is important that the inci- 
sions be carefully planned so that the line of 
tendon suture is covered with a good sub- 
cutaneous pad and that there be no contractile 
scar. 

As has been pointed out by Mason (6), in 
choosing a method of tendon repair several 
factors must be taken into consideration: 
(1) the apposed tendon ends must be free of 
foreign material (silk) between them; (2) there 
must be no impairment of blood supply to the 
tendon as a result of a contracting circular 
suture; and (3) the line of tension should be 
perpendicular rather than parallel to the direc- 
tion of the tendon fibers. 

The methods recommended by Koch and 
Mason (4, Fig. 11), and more recently by 
Mason (6, Fig. 12), best adhere to these re- 
quirements. We have employed both methods 


and more recently have favored the latter 
technique, in which there is less tendency for 
slipping of the suture and disruption of the 
repair since each suture functions as a com- 
plete unit, each of which will hold the ends in 
approximation. 

In the repair of flexor tendons lacerated in 
their course through the fingers or palm, best 
results are obtained if only the deep tendons 
are sutured, The crowding into the confines of 
the fibro-osseous tunnel in the fingers of four 
tendon ends increased in bulk by edema and 
suture material will result in an adherent 
fibrosed mass which can never develop any 
gliding function. The tendon sheath should 
not be sutured. As has been pointed out by 
Koch and Mason (4), the line of tendon suture 
should be in contact with a good layer of sub- 
cutaneous fat; this is best accomplished by 
excising a section of the anterior portion of the 
fibro-osseous tunnel 1 centimeter above and 
below the suture line. 

As soon as the dissection has been com- 
pleted and the tendons and nerves are identi- 
fied and the sutures placed, the blood pressure 
cuff is deflated and gauze pressure is main- 
tained in the wound for several minutes. 
Following the hyperemia, all bleeding vessels 
are ligated. The arm is then again elevated 
and the cuff is reinflated to prevent capillary 
ooze. Tendon repair is completed. The skin is 
closed in two layers. No. o silk is used for 
subcutaneous closure and No. oooo dermal for 
the skin. The pressure cuff is not released 
until application of final pressure dressing. 

The closed wound is covered with a few 
thicknesses of moist fine meshed gauze and 
sponge rubber, and is bandaged snugly and 
splinted. Care should be taken to prevent 
intertrigo caused by skin folding on itself in 
flexion creases. This is done by placing fine 
mesh gauze between the fingers and in the flex- 
ion creases. A dorsal splint is applied with the 
fingers at maximum flexion at the metacarpo- 
phalangeal joints rather than at the inter- 
phalangeal joints. Prolonged fixation in flex- 
ion at the latter joints is more apt to result in 
flexion contractures which are difficult to 
relieve. Further effective relaxation on the 
suture line can be obtained by flexion at the 
wrist. 
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Physiotherapy is begun early. With the 
first dressing at the 6th to the 8th day, mild 
active motion is encouraged following which 
the splint is reapplied with the fingers and 
wrist unchanged in their degree of flexion. At 
the 14th day, the degree of flexion at the 
metacarpophalangeal joint is lessened. Active 
restricted motion through a narrow range is 
permitted. After the 21st day more active 
restricted motion is obtained by moving the 
entire splint distalward; this permits active 
flexion, limits complete extension, and pro- 
tects the involved digit against sudden exten- 
sion injuries. The splint is removed on the 
26th to the 28th day. 

With regard to extensor tendons, complete 
immobilization is carried out for 3 weeks, 
following which guarded active motion is 
begun under the supervision of a physio- 
therapist. The splint is removed at the end of 
the 5th week, and active and passive exer- 
cises are encouraged. Exercise in the whirl- 
pool bath and bathing of the hand in warm 
soapy water are helpful in hastening return 
of function. 


SUMMARY 


The best results in the treatment of lacer- 
ated tendons are dependent on an accurate 
diagnosis of the underlying pathological con- 
dition and upon careful attention to the de- 
tails of repair. As a rule, the diagnosis of 
tendon and nerve injury is not difficult; a 
knowledge of the anatomy and physiology of 
the hand is essential. In the treatment of 
tendon lacerations, each case must be in- 
dividualized as to its indication for primary 
repair. Careful mechanical cleansing and 
débridement of wounds which are less than 4 
hours old, and which had not been heavily 
contaminated from human sources, will in a 


high percentage of cases heal by primary 
intention. 

The apparent correlation between careful 
_repair and good functional result dictates that 
meticulous attention to the details of repair, 
splinting, and physiotherapy be the prime 
considerations. Repair can best be accom- 
plished in the presence of a bloodless field and 
under general anesthesia. Intelligent splint- 
ing and physiotherapy presupposes a knowl- 
edge of the various phases of tendon healing. 

A review of the results in 136 cases on which 
adequate follow-up data is available brings to 
light the following facts: 

1. Functional results are poorest in lacera- 
tions occurring over the proximal phalanges 
and middle phalanges. 

2. Lacerations of flexor tendons occurring 
at the wrist and over the palm generally heal 
with good functional results. 

3. Lacerations of the extensor tendons re- 
gardless of their location heal without func- 
tional disability in 92 per cent of the cases. 

An analysis of the failures in this series is 
made, the greatest numbers occurring in the 
second and third decades of life. Infection, 
prolonged splinting, inadequate splinting, 
errors in technique and in physiotherapy, are 
responsible for the failures in the present series. 
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ABSORPTION OF SULFONAMIDES DURING LABOR 


HAROLD SPEERT, M.D., Baltimore, Maryland 


NTRAPARTUM infections frequently 
present problems of management which 
are among the most difficult that the ob- 
stetrician is called upon to meet. When 

the infecting organism is of a relatively aviru- 
lent strain, the infection benign in nature, and 
when spontaneous delivery is imminent or 
delivery by forceps can be easily effected, 
there may be little cause for anxiety. In such 
cases prompt clinical cure may usually be 
anticipated following the emptying of the 
uterus. Yet all too often are fulminating in- 
fections encountered at a time when vaginal 
delivery cannot safely be performed. In these 
cases uterine inertia is a common finding, and 
the uteri of such patients are notoriously unre- 
sponsive to pituitrin stimulation. Cesarean 
section by one of the several extraperitoneal 
techniques may be resorted to, but most cases 
of this nature are more safely treated by the 
radical operation, which entails the loss of the 
uterus and the cessation of reproductive 
activity. Moreover, many infants which are 
delivered after hours of exposure to infected 
environs, including circulating bacterial toxins 
and the aspiration of infected amniotic fluid, 
are already dead or are so embarrassed at birth 
that they cannot survive. Many succumb in 
the early neonatal period to pneumonia, septi- 
cemia, or meningitis. 

The sulfonamide group of drugs have been 
of unquestioned value in the treatment of 
many types of intercurrent infections during 
pregnancy and have served also as a valuable 
adjunct in the treatment of puerperal infec- 
tion. They have likewise offered new hope in 
the management of severely infected patients 
during labor. The majority of the fulminating 
and heretofore fatal cases of intrapartum in- 
fection are caused by the beta hemolytic 
streptococcus or staphylococcus. Another 
relatively common offender is the Welch 
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bacillus. Fortunately infections due to these 
organisms are dramatically responsive to ap- 
propriate sulfonamide therapy. 

The efficacy of the sulfonamides when ad- 
ministered by mouth depends upon the estab- 
lishment of an adequate concentration of the 
drug in the bloodstream. Numerous clinical 
studies have demonstrated that such a blood 
level may be anticipated within 4 hours after 
the oral administration of the initial large 
dose, usually 4 grams of sulfanilamide, sul- 
fapyridine, sulfathiazole, or sulfadiazine, in 
the treatment of adults. It has been tacitly 
assumed that similar conditions prevail dur- 
ing labor and that programs of therapy which 
have been worked out for nonpregnant in- 
dividuals are similarly applicable to parturient 
women. 

It is the purpose of the present report to 
show that such assumptions are unwar- 
ranted. The currently popular sulfonamides 
are, in a great proportion of the cases, poorly 
absorbed following their oral administration 
during labor. A large initial dose fails to 
result in an effective concentration of the 
drug in the bloodstream. Thus for prompt 
therapeutic action parenteral administration 
must be resorted to. 


OBSERVATIONS 


In the course of a study of the placental 
transmission of sulfanilamide (15), 0.06 gram 
of this drug per kilogram of body weight was 
given orally to 16 women in labor. Samples 
of maternal blood were obtained at the time 
of delivery, which ranged from 1 to 38 hours 
after administration of the drug. In the ma- 
jority of cases analysis revealed blood con- 
centrations of sulfanilamide of the same order 
of magnitude as is normally observed during 
treatment of nonpregnant individuals with 
similar doses. Results in 12 of the 16 cases 
formed a rather smooth curve, when the blood 
levels were plotted against the time after ad- 
ministration, a peak of 6.4 milligrams per cent 
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Fig. 1. Absorption of sulfanilamide during labor. Each 
patient received single dose of 0.06 gram per kilogram. 
Blood levels of 10 representative patients with normal 
values are shown by solid and broken lines, abnormally 
low values by unconnected dots and circles. 


of free sulfanilamide (7.6 milligrams per cent 
total) occurring at 5% hours (Fig. 1). Four 
patients, however, possessed blood sulfanila- 
mide levels at delivery which were strikingly 
lower than was anticipated. In 1 of these 
cases an additional blood determination about 
1% hours before delivery confirmed the 
existence of an extremely low sulfanilamide 
concentration. In another case no sulfanila- 
mide was detectable in the blood 1 hour after 
administration (Fig. 1). All analyses were 
done in duplicate in the laboratory of Dr. E. 
K. Marshall, Jr., by the methods and modifi- 
cations devised by him and his associates. 
No apparent explanation for these anom- 
alous blood levels was at hand. Occasionally 
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Figs. 2 and 3. Blood sulfanilamide levels of 2 patients 
with abnormally poor absorption during labor, compared 


vomiting occurred soon after the drug was 
given, but none of these cases were included in 
the study. Suspecting that factors related to 
the process of labor might be involved, we 
gave the same 4 patients another single dose 
of sulfanilamide by mouth about a week 
after parturition. Dosage of the drug was cal- 
culated as before, allowance being made 
arbitrarily for a 7 kilogram weight loss. Blood 
sulfanilamide determinations were made at 
intervals of 1, 3, 5, and 7 hours. In each 
instance the resulting curve showed excellent 
absorption of the drug, with a maximal con- 
centration of about 8 milligrams per cent of 
free sulfanilamide appearing between 1 and 5 
hours after administration. Absorption curves 
for 2 patients are shown in Figures 2 and 3, 
to illustrate the striking contrast between the 
blood sulfanilamide levels attained during 
labor and those resulting from similar doses 
during the puerperium. 

With the advent of sulfathiazole and its 
rapid popularization it became of interest to 
compare the behavior of this drug during labor 
with that of sulfanilamide. Accordingly a 
single dose of 5 grams of sulfathiazole was 
given orally to a series of 8 patients during 
labor and samples of venous blood were ob- 
tained at delivery, which ensued at various 
intervals between 1 and 11 hours later. The 
results of the blood determinations were little 
short of amazing (Table I). Despite the gen- 
eral experience that sulfathiazole is more 
rapidly absorbed than sulfanilamide under 
ordinary circumstances, the blood concentra- 
tions of the former which were attained during 
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with blood concentrations following ingestion of similar 
dose (adjusted for weight loss) in puerperium. 
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TABLE I.—BLOOD SULFATHIAZOLE LEVELS AT 
VARIOUS INTERVALS AFTER ADMINISTRA- 
TION OF SINGLE 5 GRAM DOSE BY MOUTH 
DURING LABOR 

Blood sulfathiazole 


Interval mgm. per cent 
Patient hours:minutes Free Total 
a ceva wir atone I :00 ° ° 
_ SEs er I: 20 ° ° 
SS SRR ec psrnrs 1340 ° ° 
& ee gaeaaae 3:40 Trace Trace 
SRO gee 4:30 Trace 
era tors Fics eretarinn tees 5:45 ‘3 
EER peer” 6:00 2.1 
Ee sae os cide II :00 Trace 


labor were uniformly lower than in the sul- 
fanilamide series. Indeed in 6 of the 8 cases 
no more than a trace of sulfathiazole, too little 
to allow accurate quantitative determination, 
could be detected. In several of these cases 
analysis was repeated after acid hydrolysis, 
but the amount of the acetylated form of the 
drug was uniformly too little to alter the re- 
sults significantly. Analysis of fetal blood 
obtained from the umbilical cord, and of 
amniotic fluid, likewise showed little or no 
sulfathiazole, in accordance with the maternal 
blood levels. 

In only 2 specimens, which were obtained 
at 534 hours and 6 hours respectively after 
administration of the sulfathiazole, could 
measurable amounts of the drug be detected 
in the maternal blood. Even these bloods, 
however, contained only 1.1 and 2.1 milli- 
grams per cent, values well below the antici- 
pated levels. 

Observations were then extended to include 
the currently popular sulfadiazine. A single 
dose of 5 grams was given by mouth to a 
group of 5 laboring women at intervals rang- 
ing between 2 hours and 4 hours 50 minutes 
before delivery. Sulfadiazine determinations 
were made on venous blood obtained at the 
time of birth. Here again, in contrast to the 
usually uniform and rapid absorption of this 
drug, the blood levels attained during labor 
were surprisingly low, none exceeding 2.8 
milligrams per cent (Fig. 4). Even smaller 
concentrations existed in the cord blood and 
amniotic fluid. 

As a control to this series of observations, 
the same 5 patients, on the 3d or 4th day of 
the puerperium, were given another dose of 
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Fig. 4. Blood sulfadiazine (free) concentrations of 5 
patients at various intervals after ingestion of single 5 
gram dose during labor, contrasted with blood levels in 
same patients after same intervals following ingestion of 
4.5 gram dose in puerperium. 


sulfadiazine orally; this time, however, only 
4.5 grams, allowance being made arbitrarily 
for a 10 per cent decrease in body weight. 
Blood specimens were obtained from each 
patient after exactly the same interval as had 
elapsed during labor. As was expected, the 
sulfadiazine promptly appeared in the blood- 
stream. At corresponding times the puerperal 
blood levels exceeded several fold, in most 
instances, the concentrations attained during 
labor (Fig. 4). 


ANALYSIS OF STUDY 


Marked contrast is afforded by the uncer- 
tainty of absorption of sulfanilamide, sul- 
fathiazole, and sulfadiazine when given in a 
single large oral dose during labor and the 
blood concentrations of these drugs which are 
rapidly attained under ordinary circum- 
stances. Most striking was the anomalous 
failure of absorption of sulfathiazole. In non- 
pregnant individuals a single dose of 5 grams 
of this drug was followed in 2 to 6 hours by 
blood levels as high as 7.2 to 9.5 milligrams 
per cent (17). In 8 women receiving the same 
dose of sulfathiazole during labor, on the 
other hand, a maximal concentration of 2.1 
milligrams per cent was obtained, and the 
blood of 6 patients failed even to show measur- 
able quantities of the drug after periods rang- 
ing up to 11 hours. Even when smaller single 
doses of sulfathiazole were administered to 
nonpregnant individuals, much higher blood 
levels have been consistently attained (1, 6, 
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11, 12, 14). After a single dose of only 3 
grams the blood concentrations remained 
above 4 milligrams per cent for 4 to 6 hours 
(12). 

Similarly in the case of sulfadiazine, a single 
oral dose of 5 grams given to nonpregnant 
patients resulted in a maximal blood con- 
centration of 7.7 to 10.8 milligrams per cent 
4 to 6 hours later (10). Of our 5 patients who 
received the same dose during labor, the 
average blood level between 2 hours and 4 
hours 50 minutes later was, by contrast, only 
1.3 milligrams per cent. Smaller doses of this 
drug likewise resulted in consistently greater 
blood concentrations after similar intervals in 
nonpregnant individuals (11, 13, 19). 

More striking, however, was the compari- 
son between the blood levels resulting from a 
single dose of sulfadiazine during labor and 
those attained in the same patients after 
identical intervals in the early puerperium. 
The concentrations of sulfadiazine in the 
blood in the latter series were, on the average, 
5.5 times as high as those occurring during 
labor. 

In contrast to the rather uniformly poor 
absorption of sulfathiazole and sulfadiazine 
during labor, the results with sulfanilamide 
showed a greater range of variability. The 
majority of the patients conformed to the 
standard type of absorption curve; in only 4 
of the 16 cases were the blood levels con- 
spicuously low. The cause for the greater 
irregularity of absorption of sulfanilamide 
during labor is not clear. However, when 
complete absorption curves for these same 4 
patients were established during the puer- 
perium, the blood concentrations were found 
to rise to the same general levels as are nor- 
mally encountered in nonpregnant individuals 
receiving similar doses of the drug. 

No explanation for the anomalous absorp- 
tion of the sulfonamides from the gastro- 
intestinal tract during labor is completely 
satisfying. Marshall and his associates (7, 8) 
have shown that sulfanilamide and sulfapyri- 
dine are very poorly absorbed from the 
stomach. When the drugs were introduced 
into the stomachs of dogs after the pylorus 
had been ligated, very little of the sulfonamide 
appeared in the blood. When the drugs were 


permitted to pass into the duodenum, how- 
ever, a sharp rise promptly occurred in the 
blood levels. There is some evidence (2, 3) 
that the emptying time of the stomach may 
be prolonged, at least in some patients, during 
labor. This might account, in a measure, for 
the poor absorption of the sulfonamides. 
Moreover, sulfapyridine has been claimed to 
exert a specific delaying effect on the empty- 
ing time of the human stomach (9). Thus the 
differences among the blood levels of the sul- 
fanilamide, sulfathiazole, and _ sulfadiazine 
treated patients may be related to varying 
effects exerted on gastric emptying by each 
of these compounds. 

The group of patients receiving sulfadiazine 
were all given small doses of scopolamine (up 
to 1 milligram) during labor, as a part of their 
analgesic medication. Because of the similar- 
ity of action between this drug and atropine, 
the réle of the former in prolonging the empty- 
ing time of the stomach was taken into con- 
sideration. However, despite the claims for 
an inhibitory effect of atropine on the empty- 
ing of the stomach (5, 18), a most careful 
study of the effects of this substance in the 
human has shown it, in doses up to 2 milli- 
grams, to produce no significant alteration in 
the gastric emptying time (4). Moreover, the 
patients in the sulfathiazole series received 
no scopolamine, yet their failure to absorb 
the drug was even more striking than in the 
case of those patients to whom sulfadiazine 
had been given. The effects of scopolamine 


may therefore be eliminated from con- © 


sideration. 

Whatever may be the factor or factors re- 
sponsible for the low blood concentrations of 
the sulfonamides following their oral adminis- 
tration during labor, the therapeutic implica- 
tions of this study are perfectly clear. Oral 
therapy cannot be relied upon, especially with 
sulfathiazole and sulfadiazine, to establish 
effective blood levels of these drugs during 
labor. When prompt therapeutic action is 
desired, parenteral administration of these 
drugs should be resorted to. Indeed, it has 
been found that when sodium sulfathiazole or 
sodium sulfadiazine is administered intra- 
venously during labor, a single dose of 5 
grams (100 cubic centimeters of a 5 per cent 
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solution) results in an immediate blood level 
of approximately 20 milligrams per cent (16). 
Effective blood concentrations persist for at 
least 6 hours with sodium sulfathiazole and 
perhaps twice as long with sodium sulfadi- 
azine. This latter finding clearly relates the 
low blood levels following oral therapy to 
faulty absorption rather than to increased rate 
of excretion during labor. 

The high blood levels attained after the 
intravenous administration of the soluble 
sodium salts of sulfathiazole and sulfadiazine 
have also made possible the prompt establish- 
ment of therapeutic concentrations of these 
drugs in the fetal blood. Results of the 
studies on the placental transmission of the 
sulfonamides will be described elsewhere (16). 


SUMMARY 


Three groups of women were given a single 
large dose of sulfanilamide, sulfathiazole, and 
sulfadiazine, respectively, during labor. In 
contrast to the therapeutically effective blood 
levels ordinarily resulting from the adminis- 
tration of similar doses of these drugs, mark- 
edly impaired absorption, as indicated by ex- 
tremely low blood concentrations, occurred 
during labor. This anomalous absorption 
during labor occurred rather uniformly among 
patients receiving sulfathiazole and sulfadi- 
azine, but was noted in only 4 of 16 patients 
to whom sulfanilamide had been given. When 
similar doses of sulfanilamide and sulfadiazine, 
respectively, were administered to the same 
patients during the puerperium, prompt ab- 
sorption, with the establishment of effective 
blood concentrations, was observed. Sodium 
sulfathiazole and sodium sulfadiazine, in- 
jected intravenously during labor in similar 
doses, resulted in immediate high blood con- 
centrations, which were maintained at thera- 


peutically effective levels for at least 6 hours 
in the case of the former and considerably 
longer in the case of sodium sulfadiazine. 


CONCLUSIONS 


1. Orally administered sulfonamides are 
poorly absorbed from the gastrointestinal 
tract during labor. 

2. When prompt chemotherapeutic action 
is required during labor, these drugs should be 
given by parenteral injection. 
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THE DIAGNOSIS AND TREATMENT OF TUBERCULOSIS 
OF THE KIDNEY 


HERMAN L. KRETSCHMER, M.D., F.A.C.S., Chicago, Illinois 


VERY urologist agrees with the state- 
ment that genitourinary tuberculosis 
is secondary to a distant focus of 
tuberculosis, and because of this fact 

he is interested in the general subject of tuber- 
culosis. 

Since 1900 there has been a definite down- 
ward trend in the mortality from tuberculosis. 
In 1900 the death rate was 202 per 100,000 
and in 1940 it was 45.7 per 100,000 an im- 
provement of 77.36 per cent. “The current 
indications are that when the final reports for 
1941 are tabulated the death rate from tuber- 
culosis for the United States will be less than 
45 per 100,000 total population. The im- 
provement will be more than 2 per cent over 
1940 when, according to provisional reports, 
the death rate was 45.7 per 100,000... . In 


1940 twelve of the states of the Union had 
death rates from tuberculosis below 30 per 


100,000 and six of them had death rates of 
20 per 100,000 or less” (10). This downward 
trend since 1900 is shown in Figure r. 

We may pause for a moment to compare 
these figures with the accidental deaths in 
1941, which were 76.2 deaths per 100,000 of 
our population, and with motor vehicle deaths 
for 1941 which were 30 per 100,000 (7). 

It is but natural that this marked reduction 
in the mortality in general tuberculosis should 
be followed by a marked reduction in the in- 
cidence of renal tuberculosis, and this is the 
experience of many urologists including my- 
self. In 1923 (8) I reported a series of 221 
cases of renal tuberculosis and in 1936 (9) a 
series of 43 cases of renal tuberculosis occur- 
ring in childhood and adolescence. This paper 
is based on a study of g5 cases that have been 
under my personal supervision since the previ- 
ously mentioned publications. 

The pathogenesis of tuberculosis as it affects 
the kidney has been surrounded with a new 


Read before the meeting of the American College of Chest 
Physicians in Atlantic City, June ¢—8, 1942. 


conception in the past several years. Hereto- 
fore there have been 5 theories regarding the 
routes of infection in renal tuberculosis: (1) 
hematogenous; (2) urogenous, via the lumen 
of the ureter; (3) lymphogenous, via the peri- 
ureteral lymph vessels; (4) direct extension 
from surrounding areas, such as the bowel; 
(5) extension through the diaphragm from the 
lung. Today our thoughts as to the patho- 
genesis of renal tuberculosis are practically 
limited to the belief that the cause is infection 
by the hematogenous route and the fixation 
of tubercle bacilli in the tissue (3). 

The primary infection in tuberculosis is 
usually through the respiratory tract. But 
this primary infection does not allow the fixa- 
tion of tubercle bacilli in organs or tissues until 
sensitization to the bacilli and their specific 
toxins has had an opportunity to develop. 
The time interval from the primary infection 
to the development of the sensitization in the 
tissues of the body varies approximately from 
1o days to 4 weeks. During this interval, 
that is, prior to the development of the sensiti- 
zation, the tubercle bacilli may wander 
through the body in one or another of the 
vascular channels. However, with the de- 
velopment of sensitization when they come 
in contact with tissue structure, the reactivity 
of tissue cells, developed in the process of 
sensitization, causes an outpouring of serum 
which fixes the tubercle bacilli at that site. 
Therefore, if in the wanderings of these organ- 
isms they happen to pass through the kidney 
when sensitization is developing or has already 
developed, the bacilli may become fixed in the 
kidney. Some of the organisms thus fixed 
may, through phagocystosis, be engulfed or 
destroyed, or they may lie dormant, sur- 
rounded by fixed tissue cells, in the structure 
where they have been deposited, awaiting re- 
activation in these tissue cells to permit bacil- 
lary growth and pathological change in the 
kidney. 
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HEMATOGENOUS DISSEMINATION OF 
TUBERCLE BACILLI 

The conditions under which hematogenous 
dissemination of tubercle bacilli may occur 
are as follows: 

1. Primary infection prior to the develop- 
ment of sensitization. 

2. A state of anergy or loss of sensitization 
which may sometimes occur even after sensi- 
tization has been developed. This again al- 
lows a migration of tubercle bacilli until a 
new sensitization develops. 

3. Intimal tuberculosis which will some- 
times develop incidental to the deposition of 
tubercle bacilli in a contiguous part. As the 
bacilli grow into tubercles and penetrate that 
wall they may discharge tubercle bacilli from 
their caseous center into the circulation itself, 
to be filtered out and fixed in a sensitized 
tissue like the kidney. 

4. The entrance of tubercle bacilli into the 
blood stream where they undergo hema- 
togenous dissemination. The tubercle bacilli 
may reach the blood stream through mechani- 
cal rupture of the caseous node, either in a 
hilar lymph gland or in a caseous pulmonary 
lesion, or, at times, through tuberculous sal- 
pingitis or tuberculous prostatitis. In the 
latter the usual pathological picture is that of 
a miliary dissemination either pulmonary or 
generalized. 

Sex. In my experience there was practically 
no difference in the sex incidence in this series 
of cases or in the previously reported cases; 
therefore sex has no diagnostic value. In this 
series there were 46 males and 49 females. 

Age. As is well known, tuberculosis of the 
kidney occurs most frequently in the prime of 
life. In my experience the largest number of 
cases occurred in the third decade. The 
youngest patient was 1o years of age and the 
oldest, 66. In a total of 95 cases the age dis- 
tribution was as follows: 10 years of age, 1 pa- 
tient; 11 to 19 years, 7 patients; 20 to 29 
years, 14 patients; 30 to 39 years, 34 patients; 
40 to 49 years, 26 patients; 50 to 59 years, 8 
patients; 60 to 69 years, 3 patients; age not 
stated, 2 patients. 

Sides. Whether the disease occurs more 
frequently on the right or left side is of little 
value in diagnosis and treatment and has an 
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Fig. 1. Chart showing downward trend of death rate in 
tuberculosis from 1900 to 1940; 1941 estimated. 


academic interest only. Of much more im- 
portance is the question whether the tubercu- 
losis is unilateral or bilateral, since this has a 
direct bearing on the question of treatment 
and may raise the question of the surgical re- 
moval of one of the two diseased kidneys. 

It was formerly believed that bilateral in- 
volvement was uncommon; however, with 
more careful study it has been demonstrated 
that instead of being rare it occurs relatively 
frequently. It is my opinion that'the more 
carefully the examination is made, the larger 
will be the number of bilateral cases. In my 
first series, 19.3 per cent disclosed bilateral 
tuberculosis, in the second series 37.2 per cent 
in 43 cases, and in the present series there were 
22 cases or 23.1 per cent. These figures re- 
veal a higher incidence of bilateral tubercu- 
losis than the impression one gains from the 
literature where it is very frequently stated 
that bilateral involvement in renal tubercu- 
losis is not very common. The right side was 
involved in 42 cases, or 44.2 per cent; the left 
side in 31 cases or 32.6 per cent. 

The presence of pulmonary involvement. In 
view of the fact that tubercle bacilli gain en- 
trance to the body in the largest number of 
instances via the respiratory tract, examina- 
tion should include, as a matter of routine, 
roentgenograms of the chest. For various 
reasons roentgenograms were not obtained in 
each case of this series, but roentgen reports 
were available in 50 cases with the following 
results: positive active lesions in 6 cases, or 
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12 per cent; positive old healed lesions in 19 
cases, or 38 per cent; and negative findings in 
25 cases, or 50 per cent. In other words, of 50 
patients examined with roentgen rays one- 
half or 50 per cent, of them disclosed evidence 
of pulmonary tuberculosis, either active or 
healed. In my previous series of adult cases 
published in 1929 the percentage of positive 
findings was 35:5. In the second series of 43 
cases the incidence was 37.2 per cent, and in 
this series 50 per cent, thus showing a very 
definite increase in the number of cases in 
which chest roentgenograms were positive. 

Other tuberculous lesions. A review of the 
records discloses that 37 patients or 38.94 
per cent, practically 39 per cent, had evidence 
of tuberculosis in other parts of the body, 
either present at the time the patient came 
under observation or it was noted in the his- 
tory that the patient had been operated upon 
or had been treated for tuberculosis. Interest- 
ing in the study of this group of cases was the 
large number of patients with genital tuber- 
culosis and the small number with glandular 
or bone tuberculosis. 


DIAGNOSIS 


In the largest number of instances when a 
patient consults the urologist the diagnosis 
is easy, and it is based on the demonstration 
of pus and tubercle bacilli in the urine ob- 
tained from the kidney with the ureteral 
catheter. With a history of antecedent tuber- 
culosis (lungs, glands, bones, genitalia) asso- 
ciated with a history of urinary symptoms, 
often diagnosed and treated as cystitis with- 
out relief, plus the presence of pus and tu- 
bercle bacilli in the urine, the diagnosis of 
urinary tuberculosis is established. Then 
there remains the problem of localizing the 
lesion; whether present in one or both kidneys 
or whether the urinary tuberculosis is second- 
ary to tuberculosis in the prostate or vesicles, 
or in both. A plain roentgen ray film of the 
urinary tract is next in order to rule out the 
presence of stone and to note the presence of 
calcification. Stone associated with tubercu- 
losis is uncommon. 

In one of our cases in which there were no 
urinary symptoms, the patient came in with 
a typical history of renal stone. The urine was 


negative at the time of admission and the 
x-ray film and intravenous urogram disclosed a 
stone in the pelvis and a large hydronephrosis. 
No search for bacilli was made. After the 
kidney was removed the presence of tubercu- 
losis was found (Fig. 2). 

Areas of calcification when present are of 
diagnostic importance. However, in my ex- 
perience they have not been seen very often and 
when present were in advanced cases. I re- 
cently saw a man of 62 years with extensive 
calcification due to renal tuberculosis, who 
because of his marked urinary symptoms was 
sent in with a diagnosis of prostatic hyper- 
trophy (Fig. 3). 

In an occasional case the film may show the 
outline of the enlarged kidney with more or 
less rounded areas of increased density due 
to the presence of inspissated pus (putty 
kidney). 

Intravenous urography. 


With the wide- 


spread use of intravenous urography there is a 
certain tendency to rely upon its use to the 
exclusion of ureteral catheterization in the 
diagnosis of renal tuberculosis as well as in 
the determination of the status of the oppo- 
site kidney. I am sure many urologists have 


had the experience of finding tubercle bacilli 
and pus cells in the catheterized specimen 
from a kidney which was reported as normal 
on the basis of the intravenous pyelogram. I 
believe this source of error is much more com- 
mon than is generally appreciated. Thus Em- 
mett found tubercle bacilliin the urine of 26 per 
cent of his patients in whom the intravenous 
pyelogram was reported as normal. Therefore, 
one should not accept the results of intra- 
venous pyelograms alone to determine whether 
or not the opposite kidney harbors tubercu- 
losis; in other words, if in a given case tubercle 
bacilli have been found in bladder urine and 
an intravenous urogram discloses a pyelo- 
gram on one side which is compatible with 
renal tuberculosis, we have another link in the 
chain of evidence (Figs. 4 and 5). However, 
if the pyelogram on the opposite side is re- 
ported as normal, we must not assume that 
such is the case without careful study of the 
urine obtained by ureteral catheterization. 
Bugbee has recently reported an interesting 
case in which the pyelogram revealed a filling 
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Fig. 2. Dilatation of the bifid pelvis, and hydronephrosis 
of the upper half of the kidney due to a large stone in the 
pelvis of the kidney. The tuberculosis was found in the 
lower half of the kidney. 


defect compatible with tumor. The filling 
defect was due to a tuberculoma. In one of 
my recent cases a tuberculoma was found, 
which, however, did not produce a filling de- 
fect compatible with tumor (Fig. 6). 

Cystoscopic examination and ureteral cathe- 
lerization. Next in order is the cystoscopic 
examination and ureteral catheterization. Our 
objective should be to make an absolutely 
correct diagnosis with as few cystoscopic ex- 
aminations as possible; in other words, re- 
peated instrumentation should be kept at an 
absolute minimum. Every attempt should be 
made to obtain all the necessary information 
at the first cystoscopic examination. 

The information and limitation of the cysto- 
scopic examination and ureteral catheteriza- 
tion depend upon the duration of the renal 
tuberculosis. In the early cases the bladder 
may be normal. In some cases changes in the 
ureteral orifice itself are seen; in others the 
presence of tubercles is noted in the region of 
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Fig. 3. Extensive calcification in the left kidney due to 
tuberculosis. 


the ureteral orifice. In the advanced cases, ex- 
tensive involvement with limitation of bladder 
capacity is noted. 

It has been my practice for many years to 
exercise great precaution against the so 
called “possibility” of infecting the normal 
kidney by the ureteral catheter carrying in- 
fected urine up the ureter. This can easily be 
avoided by plugging the end of the catheter 
with a large pin. 

In some of the cases one cannot catheterize 
both ureters because of severe and extensive 
bladder involvement, thus making it impossi- 
ble to find one or both orifices. Again it may 
be impossible to catheterize the ureter be- 
cause of the presence of a stricture. In this 
series of g5 cases, there were 25, or 26.31 per 
cent, cases in which it was not possible to 
catheterize the diseased side. 

Demonstration of tubercle bacilli in urine. 
As one’s experience grows, a tentative clinical 
diagnosis is made more and more frequently, 
so that search for bacilli is more and more 
mandatory and the percentage of cases in 
which bacilli are found in the urine increases 
from year to year. If, for example, from the 
history one suspects tuberculosis and tubercle 
bacilli have been found in the bladder urine, a 
most careful search should be made in the 
kidney specimen by smear. On the other 
hand, in cases in which one does not have any 
suspicion that the patient has tuberculosis, 
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Fig. 4. Extensive involvement of the kidney. Intra- 
venous pyelogram in this type of case is always the most 
informative. 


but does not want to overlook the possibility 
of tuberculosis, then all 3 of the methods— 
namely, smears, cultures and guinea-pig in- 
oculations—should be used. 

Tubercle bacilli were found in 81, or 85.28 
per cent, of the 95 cases, by smears or cultures 
or guinea-pig inoculations, or else by all 3 
methods, in 2 of which cases bacilli were 
demonstrated in the pus from a draining sinus, 
the patients having previously been operated 
upon for perirenal abscess. In 13 cases, or 14.75 
per cent, the diagnosis was made by cysto- 
scopy and by pyelograms. In 1 case the diag- 
nosis was made at operation, as heretofore 
mentioned. 

I would like to call attention to a group of 
patients in whom the diagnosis may be, and 
sometimes is, overlooked. They give no his- 
tory of antecedent tuberculosis, there are no 
urinary symptoms, and they are sent in be- 
cause of the presence of albumin and pus in 
the urine which has resisted the usual treat- 
ment. They may have sets of intravenous 
urograms which reveal hydronephrosis and 
the request is made that ureteral dilatations 
be given. 


AND OBSTETRICS 


te ay Bo 


we S. 


Fig. 5. Intravenous pyelogram is most informative in 
cases of this type showing advanced renal tuberculosis. Note 
the increased deposit of fat. Beginning fibrolipomatosis (?). 


It should not be overlooked that it may so 
happen that the urine in a patient with renal 
tuberculosis may be clear and free of pus 
when he presents himself. Nevertheless, in a 
case of this sort or whenever the least sus- 
picion arises in my mind as to the underlying 
pathological condition, I routinely use all 
3 methods—namely, smears, cultures, and 
guinea-pig inoculations. 

In 1 patient a diagnosis of stricture in the 
superior calyx with hydronephrosis was made 
from the pyelogram; however, careful study 
of the smears showed tubercle bacilli. A 
nephrectomy was performed. Examination 
of the specimen disclosed that the hydrocalyx 
was due to tuberculosis and not to a simple 
stricture (Fig. 7). 

When a patient has been operated upon for 
drainage of a perirenal abscess, and if the 
sinus does not heal in a reasonable period of 
time, one should always be suspicious that 
the underlying pathology may be renal tuber- 
culosis. Examination of the pus which came 
from the draining sinus in the loin in 2 recently 
studied cases disclosed the presence of tubercle 
bacilli. 
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Fig. 6. Fig. 7. Fig. 8. 


Fig. 6. A, Tuberculosis in a papilla; B, tuberculoma; 
C, submucous hemorrhage. Filling defect was not compat- 
ible with tumor. 


Retrograde pyelography. There are some 
sharp differences of opinion regarding the use 
of retrograde pyelograms in the diagnosis of 
renal tuberculosis. Some urologists have used 
pyelograms in all cases, have repeated them as 
often as necessary, and have never seen any 
bad effects. On the other hand, there are 
other urologists who caution against the 
routine use of retrograde pyelograms because 
of the danger of pyelovenous backflow. In 
order to study the course of the disease 
Thomas repeats the pyelograms as often as 
necessary, whereas Hinman states that the 
urologist who requires a pyelogram to show 
defects in filling caused by tuberculosis in 
order to complete his diagnosis, is not sure of 
himself. In my opinion there exists a happy 
medium between these two points of view. I 
do not make retrograde pyelograms as a rou- 
tine, reserving them for cases in which the 
intravenous urogram has been reported as 
normal, and the examination of urine from 
the supposedly normal kidney discloses the 
presence of pus cells. Then a retrograde 
pyelogram is justifiable. Furthermore, in cases 
in which the tuberculous lesion is very small 
Fig. 8) and an intravenous urogram is inad- 
equate to show its presence, a retrograde 
ryelogram should be of considerable value. 


Fig. 7. Tuberculous hydrocalyx. 
_ Fig. 8. Early lesion which may be missed with an 
Intravenous urogram. 


Once the presence of tubercle bacilli and 
pus have been demonstrated in the urine ob- 
tained from the kidney by ureteral catheter, a 
retrograde pyelogram is unnecessary, since it 
is of no help in establishing the diagnosis of 
renal tuberculosis. However, if a few pus cells 
and a few tubercle bacilli are found in the so 
called normal opposite kidney or if the urine 
is clear and reveals a few tubercle bacilli, and 
if the intravenous urogram is reported as nor- 
mal, then it is my opinion that retrograde 
pyelogram should be made. Our objective 
should be to make an absolutely correct diag- 
nosis of the disease with as few cystoscopic 
examinations as possible; in other words, re- 
peated instrumentation should be kept at an 
absolute minimum. Every attempt should be 
made to obtain all the necessary information 
on the first cystoscopy. 

TREATMENT 

Once the diagnosis of renal tuberculosis has 
been established the treatment is nephrec- 
tomy. Renal tuberculosis as seen by the clini- 
cian does not heal. This statement bears repe- 
tition since the idea seems to prevail among 
some physicians that renal tuberculosis can be 
cured by means of medical treatment and thus 
nephrectomy can be avoided. I have never 
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seen a case of proved renal tuberculosis heal 
under medical treatment. 

Healing as such is not to be confused with 
cases in which a tuberculous stricture of the 
ureter completely occludes the ureter and the 
urine becomes clear and is free of pus. When 
this occurs the condition has been referred to 
as autonephrectomy. This does not consti- 
tute healing in the strict sense of the term, 
since tubercle bacilli have been found in these 
kidneys after their removal. Whether or not 
this type of patient should be operated upon 
has been the subject of discussion pro and con. 
I have not operated upon a patient with this 
type of renal tuberculosis. 

In the light of our present knowledge of the 
relationship between unilateral kidney dis- 
ease and hypertension, removal of this type of 
renal tuberculosis may be considered. How- 
ever, one must be mindful of the fact that the 
removal of the kidney may not influence the 
hypertension. 

Nephrectomy for renal tuberculosis is never 
an emergency operation. There is always 
plenty of time to await the results of the 
guinea-pig inoculations as well as the results 
of the cultures, if there is any doubt about the 
question of involvement of the opposite kid- 
ney. One always has plenty of time for a 
careful study of the patient for the presence 
of other foci of tuberculosis and for the in- 
stitution of preliminary preparation of the pa- 
tient. In the ordinary case, as seen by the 
average urologist, this period is short. I can- 
not agree with the view that all patients with 
renal tuberculosis should have sanatorium 
treatment for at least 6 months before the 
nephrectomy. In institutional practice, where 
so many patients are seen with multiple active 
foci and far advanced lesions, preliminary 
treatment is in order. In the average case 
treatment before operation should not be car- 
ried out too long, since it may forego the 
optimum time for the operation, and there is 
also the possibility of spread to the other kid- 
ney which one must watch. 

I will not enumerate the technical details 
except to say that there has been endless dis- 
cussion in regard to the treatment of the ure- 
ter, varying from complete removal down to 
the bladder, to removing as much of the ureter 


as can be done through the incision, or to sew- 
ing the cut end into the skin; the latter pro- 
cedure has recently been re-emphasized by 
Howard. My procedure is the removal of «as 
much of the ureter as can be conveniently 
removed. 

Equally as important as the operation it- 
self is the postoperative program, a fact which 
I hardly need stress before this group. With 
the necessity for a postoperative program | 
am in hearty accord. 

Nothing is so disturbing both to the patient 
and the physician as the persistence of bladder 
symptoms following nephrectomy. Their 
severity and duration are directly dependent 
upon the extent of bladder involvement, which 
in turn is dependent upon the duration of 
renal tuberculosis before operation. In other 
words, in early cases with little or no bladder 
involvement this problem does not exist. In 
advanced cases with extensive bladder in- 
volvement the persistence of bladder symp- 
toms constitutes a problem of considerable 
magnitude. 

I do not resort to local treatment. It is my 
experience that no matter which form of local 
treatment is used, the procedure is painful 
and rarely shortens the duration of the blad- 
der symptoms. The internal use of methylene 
blue has its advocates, and apparently gives 
relief in a large number of cases. 

Bilateral tuberculosis. Views on the question 
of nephrectomy in bilateral renal tubercu- 
losis change from time to time and depend 
largely upon the views of the individual urol- 
ogist. Henline recently reported a series of 40 
cases of bilateral tuberculosis in which he per- 
formed a nephrectomy on 29 patients. As a 
general rule, I refrain from nephrectomy in 
these cases, since removing one tuberculous 
kidney can have no healing or curative effect 
upon its mate. However, there are circum 
stances under which one is obliged to operate 
—for example, when one side discloses a pyo- 
nephrosis that results in acute septic mani- 
festations—chills, fever, sweats, high leu- 
cocyte count—one is obliged to do a nephrec- 
tomy, but in this instance the kidney is re- 
moved primarily because of septic infection 
with septic manifestations and not on ac- 
count of renal tuberculosis. 
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KRETSCHMER: 


Although there is no difference of opinion 
among urologists in regard to the treatment 
of the patient who has a well defined renal 
tuberculosis on one side and a normal kidney 
on the other, there does exist some difference 
of opinion regarding the management of the 
patient who has a frank tuberculosis on one 
side with a small lesion on the opposite side. 

The patient may have a few pus cells and a 
few tubercle bacilli in the urine and a small 
filling defect in the pyelogram. Whether or 
not this patient should have a unilateral ne- 
phrectomy is a debatable point. In view of the 
fact that renal tuberculosis never heals, re- 
moval of the more diseased kidney does not 
have any healing influence on its mate. On 
the other hand, there are those who are of the 
opinion that the removal of the kidney with 
advanced disease increases the patient’s re- 
sistance and may postpone bladder involve- 
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ment; and on this basis a number of urolo- 
gists believe patients belonging to this group 
should be operated upon. I have not operated 
upon this group of patients. 
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TUBERCULOSIS OF THE FEMALE GENITAL ORGANS 


OSCAR AUERBACH, M.D., Staten Island, New York 


INCE the report of Williams in 1892, 
but few studies have been recorded in 
the American literature on the patho- 
logical findings in genital tuberculosis. 

In contrast, much has been contributed to 
our general knowledge of tuberculosis. It is 
the purpose of this paper to report the patho- 
logical findings and to discuss the pathogen- 
esis as learned from a study of a series of cases 
of tuberculosis involving the female genital 
organs. 

The material in this study covers the period 
from January, 1933, to July, 1941, and con- 
sists of 52 cases in which tuberculous involve- 
ment of one or more organs of the female 
genital tract was revealed at autopsy. Dur- 
ing the period of our study, 571 postmortem 
examinations were carried out on tuberculous 
females, and as stated 52, or 9.1 per cent, 
were found to have tuberculosis of the female 
genital organs. Schramm reported an in- 
cidence of 4.2 per cent, while Stolper reported 
20.5 per cent. The latter bases his figure on a 
study of only 7 cases in 34 autopsies. We 
think that the low incidence reported in the 
literature is attributable to failure to make 
routine microscopic examination of genital 
organs removed at autopsy. 

The ages in our series varied from 2 to 56 
years: 36 were between the ages of 20 and 39 
years, the age period in which the greatest 
number of cases of tuberculosis is found at 
autopsy. These figures are in accord with 
those reported in the literature. The youngest 
patient was one of Huebschmann’s, who found 
genital tuberculosis in an infant who was only 
6 weeks old. 

Two of the patients in this series were 
Porto Ricans, 23 were negroes, and 27 were 
white. This is interesting in view of the fact 
that in the complete series of cases in which 
postmortem examinations were made the 
ratio of negroes to whites was 4:7. 


From the Department of Pathology, Sea View Hospital, Staten 
Island, N. Y. 


FALLOPIAN TUBES 

The tubes were involved in 49 of the ;2 
instances, or in 94.2 per cent. Amann (1) be- 
lieves that the tubes are involved first and 
most severely because they have, irregular 
lumina and consequently, a greater tendency 
to secretory stasis than is usually noted in 
the uterus or vagina. 

There are four possible modes of infection 
of the fallopian tubes: primary infection from 
the outside, direct extension from a neighbor- 
ing organ, lymphatic extension from a near or 
distant tuberculous process in the body, 
hematogenous infection from a distant focus 
in the body. 

Primary infection from the outside. There 
has been much controversy in the literature as 
to the occurrence of primary infection of the 
female genital organs. Weibel (1926) points 
out that, although the earlier literature de- 
scribed a primary genital tuberculosis, more 
recent contributions discredit its existence. 

Two types of primary infection have been 
described: (1) the tuberculous infection intro- 
duced from the outside develops in the vagina 
and outer genitalia. The tuberculous process 
may either remain localized here or may 
ascend along the mucous membrane in a step- 
like manner. (2) the tuberculous infection 
brought from the outside first develops in the 
tubes and less frequently in the uterus. 

1. It has been pointed out by Weibel that 
it is always possible in a woman suffering 
from tuberculosis of other organs to excrete 
tubercle bacilli (stools, urine, sputum), which, 
when brought into contact with the external 
genitalia, may produce tuberculosis of the 
vulva or vagina. One can hardly call this a 
primary infection of the genitalia in the 
presence of pre-existing tuberculosis of an- 
other portion of the body. 

2. In the majority of cases described o/ 
primary tuberculosis in the female genital! 
organs the primary infection developed in the 
tubes. An infection in the tubes must then 
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AUERBACH: 


presuppose that tubercle bacilli are deposited 
there without production of a permanent or 
demonstrable infection in the vagina or 
uterus. In the tubes the bacilli gain a foothold 
and multiply in the folds of the mucous mem- 
brane. In the uterus the mucous membrane, 
as a result of menstruation, is continually 
exfoliating and regenerating thus providing 
the tubercle bacilli with less favorable living 
conditions. 

Some of the cases described in the literature 
as a primary genital tuberculosis were based 
on autopsy findings. Amann (2) and Feis 
rightly point out that old healed primary 
foci may have been overlooked in these cases. 
The majority of cases reported are clinical and 
their findings are frequently limited to exam- 
ination of biopsy specimens of the adnexa or 
endometrium. 

It is our opinion that primary tuberculosis 
of the female genital organs rarely, if ever, 
occurs. In no case described in the literature, 
including the reports of postmortem examina- 
tions, were the criteria of a primary complex 
found, i.e., the genital tuberculosis was the 
first infection in the body and the regional 
lymph nodes showed the same stage of ana- 
tomic development as the involved genital 
organ. 

Direct extension from a neighboring organ. 
In 26 of the 52 individuals, or 50 per cent, 
there was an accompanying tuberculous peri- 
tonitis. Heimann reports it in about 65 per 
cent of the cases, Pankow, an incidence of 54 
per cent, and Wolff, 68.3 per cent. Direct 
infection from the peritoneum could be 
possible in only half of our cases. 

This mode of infection has been a point of 
much controversy in the literature. Are the 
tubes involved secondarily from, (1) a tuber- 
culous peritonitis by direct extension to the 
serosal surface (continuity), or through the 
patent fimbriated end of the tube (contiguity), 
or (2) by extension of the process from the 
tubes to the peritoneum? 

Infection by continuity is definite only 
when one can ascertain that the involvement 
hegan on the peritoneal surface and extended 
toward the mucosa in the presence of a de- 
creasing intensity of the tuberculous process 
«s the latter is approached. In determining 


focus. 


TUBERCULOSIS OF FEMALE GENITAL ORGANS 713 





Fig. 1. 


Tubes and uterus. Both tubes are markedly 
thickened and tortuous. The left tube, a, which is open is 
filled with caseous material. Note the marked fibrosis 
covering the unopened tube, 6. The lumen of the uterus is 
dilated and is lined by a caseous zone, c. 


the course of extension of the process in our 
cases, we deleted those cases in which the 
process was uniformly extensive from the 
mucosa to the peritoneum. In the remaining 
cases, the process was most extensive in the 
mucosa and decreased in intensity toward the 
serosa. This on first thought appears to favor 
the development of the process by contiguity 
from the peritoneal cavity. However, we 
found the first tuberculous foci developing 
within the wall of the tube and not in the 
lumen and also, in these cases, there was no 
peritoneal tuberculosis. 

Lymphatic extension from a near or distant 
This mode of extension is promul- 
gated by Amann (2) and Pozzi. We have seen 
no evidence of a lymphatic extension of genital 
tuberculosis in our cases. In an infection 
disseminated by lymphatic drainage one 
should be able to observe a tuberculous proc- 
ess in the lymphatic vessels and lymph 
glands along its route. This is not true as in 
our cases lymph node involvement was usually 
limited to the regional glands draining the 
diseased portion of the genital tract. 

Hematogenous origin from a distant focus. 
We believe the controversy in the literature as 
to pathogenesis arises from attempts to deter- 
mine the origin of far advanced cases. It is 
only in the early stages of the process that 
such a study can be made. 

Six cases of tubal tuberculosis presented 
early lesions. In all cases, tuberculous foci 
were present in both tubes and were located 
in the submucosa and the mucosa. In these 
cases older foci were present in the lungs, 
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Fig. 3. Fig. 4. 


Fig. 2. Photomicrograph of an early tuberculous process 
in the tube. A tuberculous focus in the submucosa has 
perforated into the lumen of the tube with a resultant ulcer 
lined by a zone of caseation, a. In the remainder of the 
tube the epithelial lining is intact, db. 

Fig. 3. Photomicrograph of an advanced tuberculous 
process of the tube. The lumen of the tube and the inner 
wall contain caseous material, a. The outer portion of the 
wall, 6, is intact. 

Fig. 4. Photomicrograph of a far advanced healing 
process in the tube. The lumen of the tube is filled with 
caseous material, a, which contains calcified particles, 6, 
toward the outer aspect. Surrounding the area of caseation 
is a concentric zone of hyalinized connective tissue, c, 
which in turn is followed by muscle. 

Fig. 5. Photomicrograph of an early tuberculous process 
in the uterus. The ulcer is limited to the inner portion of 
the endometrium and contains 2 giant cells, a. Note the 
endometrial gland, 6. 











there was no tuberculous peritonitis, and the 
foci present were unassociated with the 
lymphatics. 

In 5 cases there were hematogenous foci 
of similar anatomic age in other organs. In 
1 case the tubes and the lungs, only, revealed 
tuberculous pathology. 

When do hematogenous seedings of the 
tubes occur? These seedings occur when 
any tuberculous process in the body drains 
into the blood stream. We found the hema- 
togenous seedings to the tubes occurring in 
the presence of (1) a primary complex, (2) an 
extrapulmonary tuberculosis, and (3) a chronic 
pulmonary tuberculosis. 

1. Ten cases revealed hematogenous seed- 
ings in various organs and a fresh healing or 
healed primary complex. Most of these cases 
were observed in children (3 at 2 years of age). 
Tubal involvement occurs during the active 
stage of the primary complex when tubercle 
bacilli from the caseous lymph nodes drain 


into the blood stream. The primary complex 
and the hematogenous foci in other organs 
may undergo healing, while the process in the 
tubes progresses. The lesion in each instance 
in this group was a caseous process. 

2. In 4 cases the tuberculous process was 
associated with an active extrapulmonary 
tuberculosis (3 of tuberculosis of the vertebrae 
and 1, tuberculous meningitis). In 3 of the 
cases, including the case of concomitant tuber- 
culous meningitis, miliary foci were discovered 
in the walls of the tubes on microscopic 
examination and were part of a terminal 
hematogenous dissemination. In the fourth 
case a caseous involvement of the tubes was 
of more recent origin than the extensive tuber- 
culous process in the vertebrae. 

3. Thirty-five cases occurred in the pres- 
ence of chronic pulmonary tuberculosis. In 
some cases, particularly those in the adoles- 
cent age, the chronic pulmonary tuberculosis 
was of a more recent origin than the tubal 
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lesion, thus it is likely that in these the tubal 
involvement developed from the primary 
complex. In those cases revealing both ad- 
vanced pulmonary and tubal disease it is 
difficult to establish priority of involvement. 
In most cases the tuberculous process in the 
tubes was of shorter duration than that of the 
chronic pulmonary tuberculosis. The in- 
volvement of the tubes was a result of a 
hematogenous dissemination from the lungs. 
It is interesting, that with the frequent hema- 
togenous seedings occurring from chronic pul- 
monary tuberculosis (as evidenced in the 
spleen and kidneys) foci were not found more 
frequently in the tubes. The early foci were 
first discovered on routine microscopic exam- 
ination. There is no doubt that if serial 
studies had been made or if numerous sec- 
tions had been studied microscopically, the 
incidence of tubal tuberculosis would have 
been much greater. 

Distribution. Of the 49 cases in which the 
tubes were involved both tubes were in- 
volved in 46. There are two explanations for 
a unilateral hematogenous infection. Early 
cases, without gross tuberculous changes, may 
be considered negative without serial section- 
ing, and it is also possible that one tube may 
progress while the other undergoes anatomic 
healing. 

Gross appearance. The tuberculous process 
first develops in the abdominal ends. In the 
early stage of the disease the form, size, and 
shape of the tubes are not altered, and the 
diagnosis of tuberculosis can be made only 
on microscopic examination. As the tuber- 
culous process develops, the diameter of the 
tube becomes progressively greater. Pankow 
points out that a slightly thickened super- 
ficial surface of a tube in the absence of 
nodules in the wall cannot be differentiated 
from any septic tube. In most cases the 
tuberculous process does not develop evenly 
throughout the tube, the abdominal end show- 
ing the greatest changes and the uterine the 
least. As a result of this uneven distribution 
of the process the tube has a nodular and often 
a tortuous appearance. 

The serosal surface may be smooth, and 
especially in the early cases the disease is 
limited to the inner tube; this is true also in 


late cases in which the process has not ex- 
tended to the outer portion of the wall. These 
tubes lie free in the abdominal cavity. As the 
tuberculous process progresses the tube be- 
comes softer in consistency and on cross sec- 
tion the inner wall is caseated. In the later 
stages the lumen is completely obliterated by 
caseous material or it is markedly narrowed 
and the mucosal folds stand out as thick pads 
of caseation. In this stage of development 
the muscular layers of the tube are usually 
intact although occasionally the caseous proc- 
ess may involve it. The fimbriated end of the 
tube is occasionally patent but more often it 
is occluded by the caseous process. 

In the more extensive processes, when the 
caseation involves the entire wall, the serosal 
surface is studded with various sized caseous 
foci and intervening patches of fibrin. The 
development of the tuberculous process on 
the serosa results in a matting together of the 
tubes with the uterus, ovaries, mesentery or 
intestines or both. 

Microscopic examination. The development 
of the tuberculous process in the tubes has 
been described in two ways. Huebschmann 
is of the opinion that the first stage of the 
process is a ‘“‘bacillary catarrh,” first de- 
scribed by Schramm and elaborated upon by 
Simmonds. The tubercle bacilli brought by 
the blood stream are excreted into the lumen 
of the tube and the first changes develop 
here. In the second mode of occurrence the 
tuberculous process first forms in the wall of 
the tube. 

In “‘bacillary catarrh” swelling of the 
mucous membrane and a partial hyperemia 
of the folds occur. Lying in the lumen is a 
typical purulent exudate containing many 
polymorphonuclear leucocytes. Leucocytes 
and lymphocyte-like cells are present in the 
mucous membrane. In some areas there is a 
desquamation of the epithelium, but it is for 
the most part intact. The remaining layers 
show only a hyperemia. 

In postulating “‘bacillary catarrh”’ one must 
assume that the tubercle bacilli, brought by 
the blood stream, may pass through the wall 
of the tube without causing a tuberculous 
lesion in passage. To accept definitely the 
presence of “‘bacillary catarrh” one must as- 
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certain that no older focus is present in the 
submucosa or mucosa which may have ex- 
tended through the latter into the lumen. 
After perforation into the lumen the bacilli 
will then produce the picture of “bacillary 
catarrh”’ in other portions of the tube. It is, 
therefore, necessary to section the tube 
serially to rule out older foci in the wall. This 
was not done by Huebschmann or Simmonds. 

The other mode of development accepted 
by most authors and observed by us in the 
early development of the process is the early 
formation of foci within the wall of the tube. 
Tubercle bacilli brought by the blood stream 
form tubercles within the wall wherever they 
are deposited (usually in the submucosa). 
Some have a caseous center. The caseous 
foci, as they progress, either involve the over- 
lying mucous membrane in the tuberculous 
process or they cause a pressure atrophy of the 
mucous membrane. After liquefaction the 
caseous foci pour their bacilli into the lumen 
and form an ulcer at this site. The ulcer is 
lined either by a zone of caseation or a pyo- 
genic membrane. Beyond the inner zone is an 
area of vascular granulation tissue containing 
epithelioid and giant cells. The ulceration is 
limited to the submucosa and the remainder 
of the wall shows no evidence of tuberculous 
change. 

In this stage of development adhesion of 
the individual folds of mucous membrane may 
result in formation of large cyst spaces which 
has been termed “‘pseudofollicular salpingitis.” 
We observed 1 case in our series. 

The anatomy of the tube, because of the 
numerous folds in the mucous membrane, is 
ideal for the further extension of the process. 
The tubercle bacilli poured into the lumen 
after the caseous foci have perforated through 
the mucous membrane stimulate the produc- 
tion of a specific exudate composed of poly- 
morphonuclear leucocytes, serum, fibrin, red 
blood cells, and desquamated epithelial cells. 
It is only the presence of acid-fast bacilli 
which differentiates this exudate from one 
produced by other organisms. 

The exudate within the lumen undergoes 
caseation and in the early stages some of the 
cells of the exudate may still be intact. Bath- 
ing of the mucous membrane by tubercle 


bacilli causes a progressive caseation of the 
wall toward the serosa. The former structure 
of the wall, as well as the exudate in the 
lumen, is still discernible within the area of 
caseation. Beyond the caseous area is a zone 
of tuberculous granulation tissue. 

With its progression toward the serosa an 
inflammatory exudate develops on the serosal 
surface which is invaded by granulation tissue 
with a resultant matting together of tubes and 
the surrounding structures. The caseous proc- 
ess arising in the tube may extend beyond 
the serosa to involve the peripheral portions 
of the adjacent organs, especially the ovaries 
and infrequently the intestines. 

Healing. As in tuberculosis in other organs 
the process in the tubes may undergo anatomic 
healing. Huebschmann reports spontaneous 
healing in all stages of development in autopsy 
material. Williams never saw healing with 
calcification in the tubes because his observa- 
tions are based chiefly on operative specimens 
in which late manifestations of the disease are 
not as frequently encountered. 

We observed healing changes in the tubes 
in 3 of our patients. In 2 cases the tubes re- 
vealed the only genital] lesions. In the third 
case there was also involvement of the uterus. 
In none of these instances did the peritoneum 
show evidence of pathological change. 

In 1 patient in whom the only genital tuber- 
culosis was in the tubes healing of the tuber- 
culous foci occurred before they ruptured into 
the lumen. The foci were present at the ab- 
dominal ends of the tubes within the sub- 
mucosa and inner portion of the muscularis, 
and on microscopic examination revealed both 
encapsulated caseous calcified areas and 
miliary tubercles without caseous centers. 

Healing in a second case occurred in an 
advanced stage of the tuberculous process in 
which the tubes were enlarged, tortuous, firm 
in consistency, and cut with a grating sensa- 
tion. On cross section almost the entire tube 
was occupied by firm, caseous material con- 
taining large deposits of calcium. This central 
caseation was demarcated from a narrow rim 
of muscularis by a white capsule. 

Microscopically this form of healing shows 
purple granular deposits (calcium) laid down 
irregularly within the caseation. The zone of 
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vascular granulation tissue beyond the casea- 
tion is transformed into a concentric zone of 
hyalinized connective tissue. The small 
tuberculous foci in the remainder of the wall 
are similarly transformed into hyalinized con- 
nective tissue. 

The tubesin the third patient were embedded 
in fibrous tissue and adherent to the ovaries 
distally. The walls of these tubes were thinner 
than normal, their lumina were patent, and on 
cross section there was an increase of fibrous 
tissue. A diagnosis of tuberculosis could not 
be made on gross examination. 

Microscopically, however, there was a 
proliferation of the specific elements beginning 
in the zone of caseation and finally completely 
replacing it, and as healing continues the col- 
lagen fibrils predominate in both the inner 
zone of caseation and the area of granulation 
tissue. Our case showed this stage of develop- 
ment. In the final stage the collagen fibers 
fuse to form an area of hyalinized connective 
tissue. 

UTERUS 

The uterus was involved in 29 cases, or 55.7 
per cent. The incidence previously reported 
varies from 44 per cent (Merletti) to 76.3 
per cent (Simmonds). Twenty-six of the 29 
cases of uterine tuberculosis (or 89.6 per cent) 
were concomitant with tubal tuberculosis. 
Simmonds reports an incidence of 65 per cent, 
Pankow, 31 per cent, and Schlimpert, 38 per 
cent. Our higher incidence may be explained 
by the fact that we made microscopic studies 
of uteri in our cases. In 6 of our patients the 
tuberculous lesion was discovered on micro- 
scopic examination and in each there was an 
older tuberculous process in the tubes. 

There are 4 possible modes of infection of 
the uterus: primary infection from the out- 
side, lymphatic extension from a near or dis- 
tant tuberculous process, hematogenous infec- 
tion from a distant focus in the body, descend- 
ing infection from the fallopian tubes. 

A primary infection from the outside. This 
mode of infection is similar in all respects to 
the discussion presented for the fallopian tube. 

A lymphatic extension from a near or distant 
tuberculous focus. R. Schroeder reports 1 case 
as exemplifying this mode of infection but 
overlooks an associated tubal tuberculosis. 
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No case of lymphatic tuberculosis of the 
uterus appears in the literature. 

A hematogenous infection from a distant 
focus in the body. ‘Three cases of this develop- 
mental form of tuberculosis occurred in our 
series. In 2 cases the body of the uterus alone 
was involved and in the third a caseous focus 
was present in the inner wall of the cervix, 
and caseous foci were present in the outer 
walls of the fallopian tubes. In the 2 cases the 
foci were present in the outer wall of the body 
of the uterus and in neither was there evidence 
of a tuberculous peritonitis. In all 3 cases the 
uterine involvement was part of a generalized 
hematogenous tuberculosis. 

A descending infection from the fallopian 
tube. It is generally accepted that the major- 
ity of cases of uterine tuberculosis is the result 
of an intracanalicular infection arising in the 
fallopian tubes. Evidence of this is seen in 
the decreasing involvement of the tuber- 
culous process from the fundus downward 
toward the cervix. The process is more ad- 
vanced in the tubes than in the uterus and 
progresses along the mucous membrane and 
rarely extends into the myometrium. 

Our own material, as well as the reports of 
most observers, discloses that, with the excep- 
tion of those cases resulting from a hemato- 
genous infection, the tuberculosis of the 
uterus is the result of an intracanalicular pro- 
gression from the tubes. This is indicated by 
the fact that the tuberculous process in every 
instance showed a progressive decrease in 
intensity from above downward. Moreover, 
the involvement in the tubes was invariably 
older than that in the uterus. The tuber- 
culous process extends along the endometrium 
and only rarely extends into the myometrium. 

Gross appearance. The size and shape of 
the organ are unaltered, even in cases of 
extensive myometrial involvement. Rarely 
caseous processes in the wall cause its enlarge- 
ment. A marked enlargement of the organ 
occurs in those instances in which is an obliter- 
ation of the cervical canal by caseous mate- 
rial and resultant accumulation of this ma- 
terial in the uterine canal. 

In the very early stages the diagnosis is 
made only on microscopic examination. The 
first gross changes observed appear in the 
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fundus and later in the cervix. The process 
is more extensive in the fundus, as has been 
stated, decreasing in amount as the cervix is 
approached. The cervix is rarely involved. 

Microscopic examination. Microscopically in 
the early stages an endometritis occurs which 
cannot be differentiated from any other endo- 
metritis. Later the endometrium is replaced 
by a zone of caseation which decreases in 
amount from the fundus to the cervix. The 
caseation is usually limited to the endome- 
trium but it may involve the muscularis. 

The earliest stage observed in our series 
microscopically was one of endometrial casea- 
tion. Surrounding the caseous layer is a zone 
of tuberculous vascular granulation tissue. 
Occasional tubercles are present in the inter- 
stitial tissue between the muscle bundles. 
These are usually present for a short distance 
beyond the zone of granulation tissue. 

Healing. The tuberculous process may heal 
as in the tube (but its occurrence is less fre- 
quent). In 1 of our patients healing was evi- 
denced by the invasion and replacement of 
the zone of caseation by epithelioid cells, 
collagen fibers, and fibroblasts. The end- 
result of such a process would have been re- 
placement of the zone of caseation by an area 
of hyalinized connective tissue. 

In 2 patients, or 3.8 per cent, we found a con- 
comitant involvement of the urinary tract. 
Both individuals had an ulcerative process in 
one kidney, its pelvis and ureter and occa- 
sional small ulcers in the urinary bladder. In 
both there was also a caseous process in the 
adrenals and in one there was in addition 
tuberculous involvement of the spine. Bruen- 
ing, in a review of the literature, reports 
tubercles in the kidneys in 8 of the 44 re- 
ported cases of genital tuberculosis in the 
female. Miliary tubercles in the kidneys are 
part of a generalized hematogenous seeding 
as distinguished from an isolated tuberculosis 
of the urinary system. 


OVARIES 


Ovaries were involved in 15 cases, 28 per 
cent, of our series. Simmonds found involve- 
ment in 2.5 per cent, Wolff in 31.7 per cent. 

Three routes of infection of the ovary have 
been described: direct infection from the 
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neighboring structures, lymphatic extension 
from the tube by way of the ligamentum 
latum, hematogenous infection from a distant 
focus in the body. 

Direct infection from the neighboring struc- 
tures. Frequent involvement of the ovary 
from the surrounding regions occurs and is 
described in the literature. In all cases in our 
series the tuberculous process extended from 
without into the ovaries. An extensive cascous 
tuberculous salpingitis was present in 14 cases. 
In 1 case in our series the tuberculous process 
extended from the peritoneum to the ovary, 
and in 14 it occurred by direct extension from 
the tubes. The tuberculous process in the 
tubes as it progresses results in a serosal reac- 
tion (serofibrinous exudate) which in turn 
causes a matting together of the tubes and 
ovaries. The caseation in the tubes then ex- 
tends on to the ovary. 

Lymphatic extension from the tubes. Schott- 
laender believes that in most instances the 
ovary is infected through the lymphatic route. 
This assumption is based on his observations 
that in his cases of ovarian tuberculosis there 
was usually an extension from the peritoneum 
and since the lymphatic vessels extend in this 
direction he concluded that this route appeared 
likely. 

A hematogenous infection from a distant 
focus in the body. Occasional cases have been 
described in the literature in which tuber- 
culosis of the ovary is present in the absence 
of tuberculous perioophoritis and they un- 
questionably resulted from a hematogenous 
infection. 

In all our patients both ovaries were involved 
by the tuberculous process. To repeat, in 14 
cases the tuberculous process developed from 
an extensive tuberculous salpingitis and in 
only 1 it developed from a tuberculous peri- 
tonitis. 

Gross appearance. There are 2 forms of 
ovarian tuberculosis. One is an infection of 
the ovary from without and the other from 
within. Guillemain designated the former as 
“‘perioophoritis” and the latter as “‘oophor- 
itis.” 

Perioophoritis. In this form there is an 
overwhelming tuberculous process which ex- 
tends from the surrounding structures (tubes 
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with one exception). This process is not 
limited to the ovaries alone but involves all 
other neighboring structures resulting in a 
tumor mass. After the adherent omentum 
and loops of intestines are freed, a caseous 
tubo-ovarian mass is found. Rarely are 
remnants of ovarian and tubal tissue dis- 
cernible in this caseous mass, except on micro- 
scopic examination. Liquefaction is fre- 
quently present within the caseation. Micro- 
scopic examination reveals small remnants 
of tubal and ovarian tissue encircled by casea- 
tion. Wherever liquefaction is present numer- 
ous intact polymorphonuclear leucocytes are 
found. 

Oophoritis occurs in true cases of hemato- 
genous tuberculosis of the ovary which are 
rare. According to Schlimpert the foci may 
vary from the size of a pinhead to that of a 
hen’s egg. They are present chiefly in the 
cortex and are most frequently discovered on 
microscopic examination. Microscopic exam- 
ination shows typical epithelioid giant cell 
tubercles as well as larger foci with caseous 
centers. Tuberculous involvement of ovarian 
cyst walls occurs secondarily in a tuberculous 
oophoritis or perioophoritis. 


VAGINA 


The vagina was involved in 2 cases, or 3.8 
per cent. Schlimpert reports an incidence of 
9.6 per cent and Springer, 15.4 per cent. There 
are 4 possible modes of infection: direct 
infection from the outside, infection from the 
neighboring structures, hematogenous infec- 
tion from a distant focus, and descending in- 
fection from the higher genitalia. 

Direct infection from the outside. This mode 
of infection can be verified only in those cases 
in which a complete autopsy reveals no other 
tuberculous focus in the body. 

Infection from the neighboring structures. 
The possibility of an infection from the 
urinary or the gastrointestinal tract exists. 
The extension may occur through contact in- 
fection or by perforation of the process into 
the vagina. To accept such cases, a progres- 
sive ulceration from the rectum or urethra 
to the vagina must be present and reveal a 
gradually diminished intensity of the involve- 
ment as the vagina is approached. 
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Hematogenous infection from a distant focus. 
Rare instances of an isolated vaginal tuber- 
culosis are reported in adults (Weigert), most 
of the cases described occurred in children. 
Kroenig believes that more than % of isolated 
vaginal tuberculosis occurs in children and this 
is generally in the first year of life, the usual 
period of progressive generalization from a 
primary pulmonary focus. 

A descending infection from other genital 
organs. In our 2 patients the tuberculous pro- 
cess was secondary to, and accompanied by, a 
tuberculosis of the tubes and uterus. In both 
cases ulcers and foci were limited to the super- 
ficial portion of the vagina and were of more 
recent origin than the process in the uterus 


and tubes. These ulcers were found near the 
cervix and decreased in size and number 
distally. 


The process is one of superficial ulceration 
associated with elevated yellow nodules 
chiefly present on the posterior wall. The 
ulcers have an irregular border and vary from 
4 to 6 millimeters. The inner surface is lined 
by a yellow or red membrane. The yellow 
nodules vary from 1 to 5 millimeters in diam- 
eter, are present between the ulcers, and 
some, particularly the larger ones, have um- 
bilicated centers. 

Microscopically the ulcers are shallow and 
resemble any similar tuberculous ulcer. 

Foci occur in the wall of the vagina be- 
neath an intact epithelium. Some of these foci 
have caseous centers and, when they rupture 
through the epithelium, form ulcers. 


CONCLUSIONS 


1. In 571 consecutive autopsies in females 
having tuberculosis, 52 showed tuberculosis 
of the female genital organs—g.1 per cent. 

2. The fallopian tubes were involved 49 
times—g4.2 per cent; the uterus 29 times— 
55-7 per cent; the ovaries 15 times—28 per 
cent; and the vagina twice—3.8 per cent. 

3. Tubal tuberculosis was bilateral in 46 
cases; the abdominal ends were first and most 
extensively involved. 

4. The tubal tuberculosis was the result of 
a hematogenous tuberculosis in all of our 
cases; the hematogenous seedings occurred 
during a fresh primary complex, from an extra- 
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pulmonary organ tuberculosis or a chronic 
pulmonary tuberculosis. 

5. The size, shape, and form of the fallo- 
pian tubes were not altered in the early stage 
of the disease; as the tuberculous process pro- 
gressed the tubes became thicker and softer 
in consistency and on cross section were 
almost entirely caseous. 

6. In the more extensive process a tuber- 
culous peritonitis developed, occurring 26 
times in our series. The development of the 
peritonitis resulted in a matting together of 
the tubes and the surrounding structures. 

7. The tuberculous process in the tubes 
began with the development of foci in the 
wall which, on perforation into the lumen, 
caused a spread to the remainder of the tube. 

8. Healing of the tubes occurred 3 
times, twice with calcification and once with 
beginning scar formation. 

g. Twenty-six of the 29 cases of uterine 
tuberculosis were the result of an intra- 
canalicular extension from the tubes; the 
uterus showed decreasing intensity of the 
process from the fundus toward the cervix. 
The cervix was infrequently involved by the 
tuberculous process. 

10. The size and shape of the uterus were 
rarely altered, even in extensive disease. The 
tuberculous process was usually limited to 
the endometrium, but sometimes extended 
into the myometrium. 

11. In 3 cases the tuberculous process was 
part of a hematogenous dissemination; the 
foci were present in the wall and were not 
related to a tubal tuberculosis. 


12. In all cases of ovarian tuberculosis 
both ovaries were involved; their involvement 
was the result of an extension from the sur- 
rounding structures (perioophoritis). 

13. The vagina was infected from the tubes 
and uterus and revealed ulcers and nodules 
which decreased in intensity from above 
downward. 

14. Primary tuberculosis was not present 
in any of our cases and we doubt its occur- 
rence. 
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SURGICAL STABILIZATION OF DISLOCATED 
PARALYTIC HIPS 


An End-Result Study 


HALFORD HALLOCK, M.D., F.A.C.S., New York, New York 


LTHOUGH paralysis of the muscles of 
the hip causes considerable handicap, 
associated subluxation or dislocation 
produces a much greater degree of 

disability. External support has not been 
wholly effective in controlling this additional 
instability and surgical measures have been 
resorted to in an effort to attain structurally 
stable joints. 

From 1921 to 1938, 25 patients had 28 oper- 
ations at the New York Orthopedic Hospital 
for the relief of hip subluxation or dislocation 
following infantile paralysis. The procedures 
included 17 shelf stabilizations, 3 open reduc- 
tions, 1 fascia lata transplant, 1 Hey-Groves 
procedure, and 6 fusions. One patient had a 
bilateral shelf operation, 1 a fusion following 
an unsuccessful shelf, and 1 a Hey-Groves 
stabilization subsequent to a failure by fascia 
lata transplant. The following is an end- 
result study of these cases. 


THE SHELF STABILIZATIONS 


There were 17 shelf stabilization operations 
and these were performed on 16 patients. The 
age at operation varied from 6 to 28 years and 
averaged 14. All patients had structural 
instability and demonstrated telescoping no 
examination. Eight hips were subluxated and 
9 were dislocated. Six patients complained of 
pain and 1 of fatigue only. 

Varying degrees of weakness were found 
before operation in several or all of the muscle 
groups; but it was chiefly in the abductors and 
medial and lateral rotators that the greater 
degrees of involvement were most frequently 
found. 

Mobility before operation was expressed in 
degrees in only 6 cases and averaged for flex- 
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ion, 100 degrees; extension, 11 degrees; abduc- 
tion, 30 degrees; adduction, 41 degrees; 
medial rotation, 22 degrees; and lateral rota- 
tion, 44 degrees. The average index of motion! 
was 70 (normal go to 110). Most of whatever 
limitation of motion was present occurred in 
the arcs of abduction and medial rotation. 
Conversely, there was some increase in mobil- 
ity in adduction and lateral rotation. 

All the patients limped badly not only on 
account of the structural instability under 
consideration but also because of the wide- 
spread and severe paralysis that was generally 
present. Braces and crutches were often re- 
quired and frequently stabilizing and recon- 
structive operations were necessary on other 
joints. 

Preoperative x-ray studies, besides demon- 
strating a subluxation or dislocation, usually 
revealed an elongated, shallow acetabulum 
with an oblique roof. 

In 13 of the 17 operations, the shelves were 
formed by turning downward a mass of bone 
from the ilium and buttressing it in place with 
bone fragments placed between the ilium and 
shelf. This was generally satisfactory but 
difficulty was sometimes experienced in get- 
ting the shelf to bend over low enough to lie 
closely over the head which usually had been 
pulled down as far as possible or had been 
reduced. In 4, the shelves were constructed 
by turning outward a mass of ilium and insert- 
ing fragments or a slab of bone within the gap 
just above the head. As in the former tech- 
nique, shelves were sometimes formed too 
high. It is our custom at present to drive a free 
graft from the ilium into a slot just above the 
head as this method better provides for accur- 
ate placement. 


—e A. B., and Howortn, M. B. J. Am. M. Ass., 1931, 97: 
1507 
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In 3 of the cases only that portion of the 
ilium was used that comprises the roof of the 
acetabulum. In 1 of these the mass of bone 
was turned downward thereby correcting the 
obliquity of the roof; and in 2 it was turned 
outward and the gap was filled with bone 
fragments. Good results were obtained in the 
two but only a fair one in the first. 

Reduction was accomplished in 6. Only 
traction and abduction were required in 2; but 
in the others, open reduction was necessary in 
which all obstacles to replacement were 
divided or removed and the upper acetabulum 
deepened with a gouge in one. 

Postoperative x-ray films revealed well 
placed shelves in 10 instances (62.5 per cent of 
16—no postoperative film in 1), fairly good 
but placed a little too high in 3; and poor in 3 
because of too high a position for function. 

There were no operative deaths. One pa- 
tient died 1 year after operation of a kidney 
condition. 

Plaster immobilization was maintained for 
an average of 8 weeks and the patients were 
allowed up at an average of 10 weeks. 

Two patients subsequently had osteotomies 
for the correction of anteversion. 


RESULTS 


All the patients were examined 1 to 19 years 
after operation. The average time was 714 
years. The results are classified under the 
following headings: 

Stability—clinical. Upward telescoping from 
a position of rest was absent or practically so 
in 14, or 83 per cent, of the cases. This is the 
clinical test for structural stability. Nine of 
the patients stated that their hips felt stronger 
than before operation and 2 noticed no differ- 
ence. This question could not be determined 
in 6. 

Stability —roentgenogra phic. Follow-up x-ray 
films were taken of all the hips with patients 
either in the standing position or at rest. 
Sometimes comparative films in the two 
positions were also obtained in order to dem- 
onstrate any amount of telescoping. Good 
shelves offering adequate support were re- 
vealed in 7 cases, 41 per cent, fairly good in 2, 
fair, providing only partial support, in 3 and 
poor in 5 because of total lack of function. 


In 2 of these, the shelves had been placed 
too high; in 1 the resultant shelf was very 
small and so obliquely situated as to offer little 
if any support; in another the shelf underwent 
subtotal absorption and in the last dislocation 
above or behind the shelf occurred when the 
hip was stretched in an attempt to correct 
excessive abduction. Reduction by manipu- 
lation was unsuccessful and an intertrochan- 
teric fracture was sustained. This hip was 
later fused. 

Absorption of the shelf could not be accur- 
ately determined because postoperative and 
end-result roentgenograms in comparative 
positions were not always available; but there 
appears to be definite evidence that subtotal 
absorption occurred in 1, partial in 1, and 
slight in 3. 

Pain. Six patients complained of pain be- 
fore operation and all but one were relieved. 
On the other hand, one individual who was 
without pain before had pain afterward. This 
was the case which redislocated following 
stretching and then sustained a fracture on 
attempted reduction. One other patient has 
pain after walking one mile. 

Motion. Mobility was not affected by the 
procedure. The average index before opera- 
tion was 70 and afterward 73. 

Abductor power. The power of abduction 
was the one muscle factor which was thought 
might be considerably affected by the opera- 
tion. Although the preoperative and follow- 
up muscle tests were usually performed by 
different individuals, it was nevertheless felt 
that a comparative study of the abductor 
strength before and after would be of interest. 
The results are as follows: 

There was no change after operation in 1 
—power was poor before and poor after. In 
8 there was less power after operation. Of 
these there was a trace before and none after 
in 1; in 4 it was poor before and none after; 
in 2 it was fair before and none after; and 
in 1 it was fair before and poor after. In 2 
there was more power after operation, poor 
before and fair after in each. 

Limp. This factor was difficult to evaluate 
as so much of the limp was produced by the 
muscle paralysis. All the patients limped 
before and all limped afterward, 10 severely, 
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Fig. 1. Stabilization by a shelf turned downward. a, left, Before operation; b, 9 
years after operation. The patient has no pain but feels the hip slip now and then. 
Slight upward telescoping and severe abductor lurch on examination. 





Fig. 2. Stabilization by a shelf turned outward. a, left, Before operation; b, 13 years 
after operation. The patient has no pain and walks with a moderately severe abductor 
lurch. No upward telescoping. 


5 moderately, and 2 without qualification. By 
comparing preoperative and postoperative 
descriptions of gait that were available in 10, 
it was ascertained that 4 individuals limped 
less after operation and 6 the same. 

It seems established, therefore, that well 
formed, properly placed shelves will give 
structural stability to most of these hips and 


will usually relieve pain but will not greatly 
improve the limp because of the extensive 
muscle paralysis still extant. Factors that 
render the procedure more difficult and which 
in some instances may be so marked as to 
contraindicate the operation, are complete 
paralysis of the medial rotators with a position 
of marked lateral rotation of the head; and 
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Fig. 3. Stabilization by reduction and turning outward of the acetabular roof. a, 
left, Before operation; b, 14 years after operation. Reduction was apparently into 
the false acetabulum. The patient has no pain and less of a limp than before oper- 
ation. No upward telescoping and a moderate lurch on examination. 


pronounced ligamentous relaxation of the bearing. A forwardly directed position of the 
joint with excessive lateral play of the femoral head due to anteversion may be corrected by a 
head which would then be likely to pass supracondylar osteotomy; but in such an 
laterally from beneath the shelf on weight instance there should be enough power in the 





Fig. 4. Illustration of only partial support by a shelf that states that she now has stability and has been relieved of 
was placed too high. a, left, Before operation; b, center, pain. No upward telescoping and marked limp on exa- 
and c, right, 2 and 4 years after operation. The patient mination. 
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Fig. 5. Failure of stabilization because of too high a 
position of the shelf. a, left, Before operation; b, center, 
and c, right, 4 months and 8 years after operation. The 


medial rotators to maintain the leg in a neu- 
tral position of rotation. 


STABILIZATION BY OPEN REDUCTION 


Three patients, 2 with dislocations and 1 
with a subluxation, had only open reductions. 
Their ages were 8, 12, and 14 years. Abductor 
power was either absent or poor, and the 
medial rotators were either fair or zero. The 
acetabular cavities were shallow but with a 
fairly good roof in 2. Anteversion of the 
femoral neck was extreme in 2 and in 1 a coxa 
valga was present as well. 

At operation, the acetabula were deepened 
sufficiently to socket the heads firmly. This 
procedure required the removal of bone as 
well as cartilage in 2 and probably also in 
the third patient. 

The reductions were maintained in all but 
at the expense of mobility. When the patients 
were examined 3, 10, and 14 years after oper- 
ation, fibrous ankylosis, limited mobility with 
an index of only 31, and bony fusion were 
respectively found. 

In the case of the patient in whom a 
limited range of mobility was preserved, an 
osteotomy for go degrees of anteversion was 
performed 2 months after reduction had been 
curried out. 


patient has no pain and says that the hip feels stronger and 
does not slip as before operation. Examination reveals 
upward telescoping and a severe lurch. 


STABILIZATION BY FASCIA LATA 
TRANSPLANT 

A boy of 4 whose reducible dislocation was 
stable in medial rotation was treated by a 
fascia lata transplant placed through drill 
holes in the anterior portion of the iliac crest 
and the subtrochanteric region of the femur to 
maintain the leg in this desired position. This 
was not successful and 4 years later he was 
readmitted for a Hey-Groves stabilization. 


STABILIZATION BY THE HEY-GROVES 
TECHNIQUE ! 


At operation, it was found that the head 
could be easily reduced and was stable in more 
than 20 degrees of abduction; but that there 
was so much lateral movement that a shelf 
stabilization would have been extremely diffi- 
cult. The Hey-Groves technique was then 
performed after gouging the upper portion of 
the acetabulum to bone to correct its shallow- 
ness and obliquity. 

The postoperative roentgenogram showed a 
good reduction. Plaster immobilization was - 
maintained for 6 weeks. At 11 months after 
operation, x-ray films revealed one-half of the 
head outside of the acetabulum on traction 
I1HEey-GRoves, Ernest W. Treatment of Congenital Dislocation of the 


Hip Joint with Special Reference to Open Operative Reduction. The 
Robert Jones Birthday Volume. London: Oxford University Press, 1928. 
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Fig. 6. Stabilization by fusion. a, left, Before operation; b, 6 months after operation. 
When examined 6 years after operation, patient had no pain and walked with a mod- 
erate limp. He is a scout master and can walk 14 miles without trouble. 





Fig. 7. Stabilization by fusion. a, left, Before operation; b, 3 years after operation. 
This patient, who is the one with only a trace of quadriceps power, now has only a 
moderate limp and has a stable knee. The foot and ankle have been stabilized by triple 
arthrodesis and ankle fusion. 


and three-quarters subluxated on weight 
bearing. At follow-up examination 8 years 
later, standing x-ray films showed the head to 
be under the oblique roof of an elongated 


acetabulum. The patient had a severe limp 
because of extensive paralysis. He had no 
pain and with a cane could walk a mile before 
noting hip fatigue. 
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Fig. 8. Stabilization by fusion. a, left, Before operation; b, 6 years after operation. 
This is the patient who before operation walked with extreme difficulty, using both 
hands on a cane because of instability and painful slipping of the joint. Now he has 
only a mild limp and has thrown away his stick. 


STABILIZATION BY ARTHRODESIS 

Six patients had hip fusions. Three were 
subluxated and three were dislocated. One 
had failed to obtain a satisfactory result fol- 
lowing open reduction and a shelf with subse- 
quent complications. Four complained of pain 
and 2 of fatigue and weakness. All limps were 
severe and muscle paralysis about the joint 
was generally marked. The greatest disability 
was in the case of a young man of 20 who 
supported himself with both hands on a cane 
and walked with great difficulty because of 
marked instability of the hip and painful 
slipping of the joint. 

The age of these patients varied from 15 to 
31 years and averaged 20. 

In most of the cases, reconstructive or 
stabilizing surgery had been performed on the 
feet or knees before hip fusion, but in one 
triple arthrodesis of the foot and ankle fusion 
were done at a later date. 

The methods of fusion varied. In 3, the 
acetabulum and femoral head were denuded 
o! cartilage and a trochanteric mass of bone 
was driven along the neck into the ilium. One 
o! these failed and has apparently been suc- 


cessfully re-fused with a Smith-Petersen nail 
driven into the ilium for immobilization fol- 
lowed 4 weeks later by implantation of bone 
chips. In one case, the denuded head was 
placed in the similarly treated acetabulum 
without the employment of chips or a graft. 
In another, bone contact was effected between 
the head, and false acetabulum and iliac 
grafts were turned down over the denuded 
head and neck. Fusion resulted in both of 
these. 

In the case that had failed after previous 
shelf stabilization and was complicated by 


TABLE I.—LIMPS BEFORE AND AFTER HIP 
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redislocation and fracture, the head and neck 
were found at operation to have been largely 
absorbed. The end of the femur was, there- 
fore, placed in the acetabulum and a trochan- 
teric graft was placed across the joint. Fusion 
did not occur and reoperation with multiple 
bone chips was successful 4 years later. 

These 6 patients have been examined from 
1'% years to 12 years after operation. They 
are all fused clinically and roentgenographi- 
cally and are free of pain except for the one 
who was re-fused by Smith-Petersen nail and 
chips and who was last seen only 7 months 
after the second operation. It is possible that 
her fusion is not yet solid but the last x-ray 
film indicated that it was. 

Except for this one painful case in which the 
patient uses crutches and walks with great 
difficulty because of extensive paralysis and 
in whom fusion was considered necessary be- 
cause of uncontrollable pain before operation, 
all have been considerably improved in regard 
to their limp, 2 of them markedly so (Table I). 
One has lost her severe abductor lurch and 
now walks with only a slightly perceptible 
limp; and the other who previously walked 
with both hands on a cane now has only a 
mild limp and has thrown away his stick. 
Another who now has only a moderate limp is 
a scout master and walks 14 miles without 
pain or fatigue. 

Although small in number, these fusions 
have been highly satisfactory because they 
have not only relieved pain and produced 
stable hips but have also improved limps far 
more than the shelf stabilizations which in no 


way could make up for that portion of the 
instability due to the muscle paralysis. 

Fairly good ligamentous stability at the 
knee is a prerequisite for fusion in these cases 
as the elimination of motion at the hip imposes 
increased strain on the knee which usually 
does not possess normal muscle strength. 

Quadriceps power, although present in 5 of 
these 6 patients in the degrees of good or fair, 
does not seem to be an absolute necessity as 
one case that was fused with only a trace of 
power continues 5 years later to have a stable 
knee that does not give away. It is obvious, 
however, that in such a situation the ankle and 
foot must be stable or made so by triple ar- 
throdesis and ankle fusion in 10 or 15 degrees 
of equinus. 

CONCLUSIONS 

1. Well constructed and properly placed 
shelves will provide definite structural stabil- 
ity but will not greatly improve limp because 
they do not eliminate or make up for the 
instability due to the muscle paralysis. 

2. Hip fusion provides complete stability 
and effects considerable improvement in gait 
because the loss of muscle power is compen- 
sated for by elimination of motion. 

3. Because arthrodesis of the hip imposes 
more strain on the knee, fairly good ligamen- 
tous integrity of the latter joint is a pre- 
requisite. 

4. From the experience with the one pa- 
tient who had only a trace of power, paralysis 
of the quadriceps does not appear to be a con- 
traindication to hip fusion for this condition. 
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TWO-NEEDLE OXYGEN MYELOGRAPHY 


A New Technique for Visualization of the Spinal Subarachnoid Space 


DONALD MUNRO, M.D., F.A.C.S., and CHARLES W. ELKINS, M.D., 


Boston, Massachusetts 


N the past few years much interest has 

developed in methods suitable for use in 

contrast visualization of the spinal canal 

by x-ray. This has been due in a large 
part to the frequency with which rupture of 
the intervertebral disc with extrusion of the 
nucleus pulposus occurs as a cause of sciatic 
pain. 

We became interested in this problem after 
experience had convinced us that present 
methods of visualizing the spinal subarach- 
noid space were unsatisfactory. We found 
these to be inadequate from the standpoint of 
harm to the patient, difficulty in adequate 
visualization of the spinal canal, and inac- 
curate interpretation of the roentgenologic 
findings. 

Lipiodol, thorium dioxide, air, and oxygen 
have all been employed for this purpose and 
each has its advantages and disadvantages. 
Lipiodol, when introduced into the spinal 
canal, serves as an excellent contrast medium 
but if not removed following the x-ray study 
may serve as an irritant to the arachnoid. 
Furthermore, its presence can be used to jus- 
tify continuing symptoms and prolongation 
of litigation in industrial and other accidental 
injuries (5) (Fig. 1). Attempts have been 
made to do away with these objections by 
removing the lipiodol under the fluoroscope. 
This, of course, necessitates another proce- 
dure, which in itself is undesirable. More- 
over, the needle used in withdrawing the lipi- 
odol must needs be larger than is usually 
employed in spinal punctures because of the 
viscosity of the substance. There is further 
objection found in the difficulty of securing 
accurate x-ray interpretation. This is because 
o! false defects and false arrests in the flow of 
the substance when the patient is tilted. 


"rom the Department of Neurosurgery, Boston City Hospital, 
B. ston, Massachusetts. 


Recently thorium dioxide has been em- 
ployed. Unquestionably it gives the most 
satisfactory visualization of the spinal sub- 
arachnoid space. It has considerable inherent 
danger, however, and must be completely 
removed within 24 hours of its injection. The 
method that must be used to remove it is 
cumbersome and tedious and necessitates the 
employment of a large amount of hypotonic 
saline solution given intravenously in order 
to increase the secretion of cerebrospinal fluid. 

Dandy (3, 4) first suggested that air be 
injected into the spinal canal as a contrast 
medium. He utilized this procedure in 1925. 
Nothing further was done along this line 
until 1934, however, at which time Coggeshall 
and von Storch demonstrated the caudal area 
of the spinal canal in three normal individuals 
by using injected air. In the same year Von 
Wagenen demonstrated the level of three 
spinal cord tumors in accordance with the 
principle that air injected below a tumor 
which was causing a complete spinal block 
would rise to the lower level of the block 
at the time when the patient was placed in 
an upright position. Scott and Young (9, 10) 
in 1937 and 1938 injected air into the lumbar 
spinal canal and demonstrated defects in the 
dural sac that were caused by extruded nuclei. 
In 1939 Chamberlain and Young described a 
technique for spinal air injections in which a 
single needle was placed above the suspected 
lesion and the subarachnoid space distended 
by alternately injecting 5 cubic centimeters of 
air and withdrawing 5 cubic centimeters of 
spinal fluid until air returned from the needle 
when withdrawal of spinal fluid was attempt- 
ed. The patient was placed in Trendelenburg 
position for this procedure. Three hundred 
cases were included in this series. Poppen 
reported 50 cases of ruptured intervertebral 
discs in which oxygen instead of air was used 
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Fig. 1. Intraspinal lipiodol 9 months after injection. 
a, left, Before removal; b, after removal in the course of 
further investigation as to the cause of sciatic pain. Un- 
expected complete relief of all signs and symptoms fol- 
lowing accidental removal. 


in accordance with Chamberlain and Young’s 
method. Both air and oxygen are readily ab- 
sorbable and thus do not serve as permanent 
irritants. Their contrast qualities are satis- 
factory provided the canal is filled. However, 
we found that in many cases the x-ray films 
made according to this technique were worth- 
less from a diagnostic standpoint because of 
poor or inadequate filling. In our opinion 
this failure was both inevitable and unavoid- 
able because of the fallacious hydrodynamics 
inherent in the technique. When everything 
is considered, however, it appears to us that 
the use of oxygen has the fewest disadvant- 
ages and that what disadvantages it does have 
lend themselves most easily to correction. 

It seemed probable to us that the spinal 
subarachnoid space could be constantly, com- 
pletely, and properly filled by oxygen if it 
was introduced in accordance with those hy- 
drodynamic laws that govern the substitution 
of gas for liquid in a closed container. Fur- 
thermore, if this proved to be satisfactory 
as far as the method was concerned, we would 
then be dealing with a medium that was non- 
irritating, self-eliminating, inexpensive, and 
universally available. Such a medium could 
be used repeatedly in the individual case, its 
introduction could be so controlled as to per- 
mit the filling of all or any part of the spinal 


Chart 1. 
SPINOGRAM SHEET 
Name Ward 
Date 
Location of upper needle: 
Location of lower needle: 
Amount of oxygen injected (Approximate) 
Total protein of upper fluid: 
Total protein of lower fluid: 


LUMBOSACRAL: Amperage 
Lateral: Distance from iliac crest to crest 
Basic kilovoltage 
+8 
Kilovoltage used 
Time of exposure 
A.P.: A.P. diameter and level of crest 
Basic kilovoltage 
+8 
Kilovoltage used 
Time of exposure 


Hospital No. 





DORSAL: Amperage 


Lateral: Transverse diameter of chest at axil- 


lary level 
Basic kilovoltage 
+8 
Kilovoltage used 
Time of exposure 
A.P.: A.P. diameter of chest at axillary 
level 
Basic kilovoltage 
+8 
Kilovoltage used 
Time of exposure 
CERVICAL: Amperage 
Lateral: Transverse diameter of neck 
Basic kilovoltage 
+8 
Kilovoltage used 
Time of exposure 
Obliques: Right and Left: 
Oblique diameter of neck 
Basic kilovoltage 
+8 
Kilovoltage used 
Time of exposure 


OPERATOR. 
INTERPRETATION OF SPINOGRAM 
CEREBROSPINAL FLUID DYNAMICS 


Abdominal compression ree Not free 
Jugular compression Jugular release 
Rise Fall 

Cuff pressure Manometer Cuff pressure Manometer 
° . 40 
10 30 
20 ‘0a 30 
3° oe 10 
40 ° 


Interpretation: Total block Partial block Block 
(If a total or partial block is present, remove 5 c.c. and 
repeat as above.) 

Total protein of cerebrospinal fluid specimen 


DATE OPERATOR... 
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a b 


c 


Fig. 2. Normal filling of entire spinal subarachnoid space with oxygen injected according to the two needle 
myelogram technique. a, Cervical—note the movement of the tracheal shadow laterally; b, thoracic; c, lum- 


bosacral. 


subarachnoid space, and the errors attendant 
on fluoroscopy and those chemical changes 
in the cerebrospinal fluid that precluded later 
accuracy of diagnosis, could all be eliminated. 
Moreover, there would be no permanent vis- 
ible foreign body left in the canal to serve as 
the starting point for neurosis and litigation 
on the part of the patient. We, therefore, 
modified Chamberlain and Young’s method 
in such a way as to make it hydrodynamically 
correct and instead of one used two spinal 
needles. By placing one needle in the low 
lumbar region and varying the position of the 
other, we were able to fill the spinal canal ac- 
curately and satisfactorily not only in the 
lumbar region, but in the thoracic and cervical 
regions as well if we desired to do so. We 
employed oxygen instead of air, as there is no 
difference in their contrast qualities and oxy- 
gen is more readily absorbed. 

The technique of two-needle myelography 
is as follows: On the evening before the proce- 
dure, the patient is given one ounce of castor 
oil by mouth, and a soap suds enema. This 
tends to remove the gas from the lower bowel, 
thus eliminating confusing x-ray shadows. 
Sometime during the following day he is taken 
to the x-ray room and is placed in the lateral 
position on a tilt-top x-ray table with a 
l'ucky-Potter diaphragm. An adjustable web- 


bing sling which is attached by its free ends to 
the table and which loops about his shoulders 
keeps the patient in place when the table is 
tilted. A low lumbar puncture is performed, 
followed by another puncture at the desired 
cephalad level of fill. If the entire canal is to 
be visualized, the cephalad needle is placed in 
the cisterna magna. If the thoracic and lum- 
bar region is to be visualized, the cephalad 
needle is placed at the desired level in the 
thoracic region. If done with care and proper 
technique (6), the thoracic spinal puncture 
may be performed with impunity. If the lum- 
bar area alone is to be visualized, the cephalad 
needle is placed between the twelfth thoracic 
and the first lumbar vertebrae. Number 18 
gauge Fremont-Smith needles with three way 
stopcocks are used for the punctures. Simul- 
taneous pressure readings, water manometers 
being used, are taken from the needles. The 
Queckenstedt block test is done, by means of a 
blood pressure cuff around the patient’s neck 
to compress the jugular veins rather than by 
relying on digital pressure. The cuff pressure 
is increased by increments of 1o millimeters of 
mercury until a pressure of 40 millimeters is 
recorded in the cuff. The spinal fluid pressure 
is determined and recorded after each incre- 
ment. The cuff pressure is then lowered by 
increments of 1o millimeters of mercury until 
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b 


Fig. 3. Comparison of the visualizations of the spinal subarachnoid space by the 
one and two needle oxygen myelographic technique. a, Anteroposterior views; b, lat- 


eral views. 


the pressure is zero in the cuff. The spinal 
fluid pressure after each increment is deter- 
mined and recorded here also. By this method, 
differential intraspinal pressures are obtained 
and, if a block exists between the two needles, 
it may be demonstrated. Partial block may 
also be demonstrated by this method. In the 
latter there is a sluggish rise and fall in the 
caudal manometer associated with a free rise 
and fall in the cephalad manometer. 

Two cubic centimeters of spinal fluid are 
now removed from each needle. This is for 
protein determinations and cell counts. Differ- 
ential protein values are thus obtained simul- 
taneously from below and above the suspected 
lesion. Care must be taken in evaluating the 
significance of these protein determinations, 
however, because in normal individuals the 
protein content of spinal fluid from the ex- 
treme caudal area may be a few points higher 
than that at a more cephalad level although 
both determinations show them to be within 
normal limits. Such a difference is of no 
diagnostic moment. 

After the fluids are collected, the patient’s 
head is lowered to 25 degrees below horizontal 
and both needles are opened. Fluid will flow 
from the cephalad needle and, as this occurs, 
oxygen is slowly injected into the caudal 
needle. The injection is made from a sterile 
50 cubic centimeter syringe which has been 
filled from a small oxygen tank. Care is taken 


not to inject the oxygen under pressure as this 
expands the canal and may possibly distort it. 
In fact, the patient will complain bitterly of 
radiating pain if the oxygen is introduced 
under pressure. When spinal fluid ceases to 
flow from the cephalad needle and oxygen 
appears, both needles are closed. Stereoscopic 
lateral roentgenograms are now taken of the 
lumbar and thoracic levels. Oblique views are 
used and satisfactorily replace both the lateral 
and anteroposterior views in the cervical level, 
however. This is done so that the tracheal 
shadow will not be superimposed upon the 
injected column of air. As little delay as pos- 
sible should occur between the time the injec- 
tion is completed and the x-ray films are 
exposed because the gas tends to absorb quite 
rapidly in some cases. It is to avoid this com- 
plication that the needles are left in place 
while the lateral views are taken. After these 
are completed, both needles are again opened 
and more oxygen is injected. The needles are 
then withdrawn, the patient is quickly turned 
on his back, and stereoscopic anteroposterior 
and oblique films are taken. We have found 
that 20 to 30 cubic centimeters of oxygen is 
sufficient to fill the lumbar area, 40 to 50 the 
midthoracic and lumbar areas, and 75 to 100 
the entire spinal canal (Fig. 2 a, b, c). 

The technique with which the roentgeno 
grams are taken is of great importance. If the 
necessary steps are not meticulously followed. 
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Fig. 4. Visualization by two needle oxygen myelography of protruded nuclei in different sites in the 
low lumbar region. a, Lateral; b, lateral; c, midline; d, lateral and midline. 


poor visualization of the air-shadow will re- 
sult. When finished, the films should be black 
and white and not gray. Gray films dull the 
outline of the column of air and prevent intel- 
ligent interpretation. We have found that the 
tube must be calibrated for setting, distance, 
and basic kilovoltage. The tube which has 
been used in taking our films has had a dis- 
tance of 30 inches, the setting being 50 milli- 
amperes for all exposures. The variable factor 
has been the kilovoltage. This varies in accor- 
dance with the thickness of the patient. It has 
been essential, therefore, to measure the pa- 
tient for each set of exposures, refer this 
measurement to the calibration chart for the 
basic kilovoltage needed by the particular 
tube that is in use and then, because of the 
need for contrast films, to add 8 kilovolts to 
the basic figure in order to get the actual 
kilovoltage that is required. To insure this 
leing done, we have devised a chart (Chart 1) 
on which all these figures are recorded as they 


are obtained, as well as other pertinent data 
such as the results of the Queckenstedt test, 
the total protein in the various specimens of 
fluid, and so forth. We are convinced that this 
tabulation has been a major factor in the pro- 
duction of satisfactory readable myelograms. 

In the 11 months to January 1, 1942, 69 
myelograms have been done by the two-needle 
method, on 60 patients. In 45 both needles 
have been below the twelfth thoracic vertebra, 
in 13 one needle has been in the cisterna mag- 
na, and the other in the lumbar region, and in 
11 one needle has been inserted through one of 
the upper thoracic and the other through one 
of the lumbar interspaces. Even at their 
worst—and usually this was because of inade- 
quate x-ray technique—the visualization of 
the spinal subarachnoid space by the two 
needle method was better than the average 
result obtained by the one needle technique 
and at their best exceeded those of the latter 
that had been considered perfect (Fig. 3,a,b). 
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Fig. 5. Two needle oxygen myelogram of congenital absence of sacrum. Note 
termination of the subarachnoid space opposite the fourth lumbar vertebra. Verified 
by operation. a, left, Anteroposterior view; b, lateral view. 


The greatest use of this two needle method 
was found to lie in the freedom with which it 
could be employed as a diagnostic aid in all 
varieties of problems affecting the spinal cord. 
This is best evidenced by the fact that it was 
an important factor in reaching the decision 
that 37 of the 60 patients studied did not need 
surgical interference. Forty observations 
were made on this group. Four were consid- 
ered unsatisfactory and in 5 the findings were 
positive. These latter patients will be dis- 
cussed. In the 31 remaining, the findings 
were considered normal. None of these find- 
ings were confirmed by either operation or 
autopsy. Thus, in 50 per cent of the cases 
examined (31 of 60) the test demonstrated 
that there was no alteration in the shape of the 
spinal subarachnoid space (Fig. 2). This wasa 
higher percentage of use as a means of investi- 
gation than would have been considered justi- 
fiable with any other medium. With lipiodol 
or thorotrast, the surgeon would have assumed 
that the myelogram would have been negative 
rather than use these media in the absence of 
definite indications. With the oxygen myelo- 
grams it was possible to give the patient 


factual assurance in regard to their spinal 
pathology, the only limitations in their use 
being those governing the performance of a 
spinal puncture. 

Our experience is not yet large enough to do 
more than tentatively testify as to the accur- 
acy of our method whether from the positive 
or from the negative viewpoint. Our evidence 
on this point follows: There were 9 patients 
on whom a diagnosis of protrusion of the nu- 
cleus pulposus following rupture of an inter- 
vertebral disc was made on the evidence of the 
myelogram and other data. The protruded 
nucleus was found at operation exactly as 
visualized by the myelogram in every case 
(Fig. 4a,b,c,d). Two needle myelographic 
visualization of the spinal subarachnoid space 
in one case of congenital absence of the sacrum 
(Fig. 5a,b), one case of congenital duplication 
of the lumbosacral spine (Fig. 6a,b), and one 
case of traumatic distorting adhesions and 
scar formation between the dura and _ the 
cervical cord were each confirmed in all details 
by the laminectomies. Seven patients were 
explored as ruptured intervertebral disc sus 
pects in spite of negative two needle myelo 
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Fig. 6. Two needle oxygen myelogram of congenital duplication of the 


lumbar spine and sacrum. Note the 


separate subarachnoid spaces in the 


lumbosacral region. a, left, Anteroposterior view; b, drawing made at opera- 


tion. 


grams. No pathology was found in any 
instance. The operative findings disagreed 


with the myelogram in only 2 of the 23 pa- 
tients that were operated upon. One was a 
patient with a metastatic tumor of the sixth 
dorsal vertebra and a dynamic block with 
myelographic evidence of involvement of the 
spinal meninges at the same level. Although a 
block was demonstrated at operation, no cer- 
tain evidence of the meningeal involvement 
was found. In the other patient, the myelo- 
gram was interpreted as positive for an 
extruded nucleus by one and negative by 
another surgeon. An _ exploration without 
visualization of the intervertebral foramen 
demonstrated a thin layer of unidentifiable 
abnormally placed tissue on the anterior as- 
pect of the low lumbar dura and no other 
pathological lesion. In one patient a protruded 
nucleus was diagnosed and removed at oper- 
ation without any previous visualization of 
the subarachnoid space. Thus, of 23 patients, 
the two needle myelogram has accurately visu- 
lized the spinal subarachnoid space in 20, been 
iseful but not accurate in 2, and not used in 1. 
\ll findings were confirmed by operation. 


As noted above, 5 patients were not oper- 
ated upon partly at least on account of the 
myelogram findings. All the findings were 
positive. In one the symptoms and other 
signs pointed to a tumor of the cervical cord. 
The myelogram, however, demonstrated a 
tumor which had invaded the upper thoracic 
subarachnoid space. Further investigation 
demonstrated that the symptoms were caused 
by a Pancoast tumor with a metastasis (Fig. 
7). Another patient had a sacral spina bifida 
with chronic ulcers of the feet. The myelo- 





Cc 


Fig. 7. Pancoast tumor of right lung. a, Normal two 
needle cervical oxygen myelogram; b, two needle thoracic 
oxygen myelogram showing (arrow) tumor projecting from 
the anterior bony wall of the spinal canal; c, x-ray film of 
chest showing shadow of tumor in apex of right lung. 
Patient’s symptoms were all in his right arm. 
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a b c 


Fig. 8. Two needle oxygen myelogram showing partial 
closure of spinal subarachnoid space opposite the fourth 
lumbar vertebra because of adhesive arachnoiditis follow- 
ing a compression fracture of the body of the fifth lumbar 
vertebra. a, Lateral view; b and c, anteroposterior and 
lateral views 3 weeks later. 


gram demonstrated a deformity in the lumbo- 
sacral subarachnoid space. She is awaiting 
exploration. Two other patients had spinal 
cord and cauda equinal injuries, respectively. 
Myelograms demonstrated arachnoidal ad- 
hesions and deformity of the thoracic cord in 
the one and arachnoidal adhesions with clo- 
sure of the lower lumbar sac and distortion of 
the roots of the cauda equina in the other 
(Fig. 8). The first refused and the second 
recovered without operation. The fifth case 
was shown to have the typical deformity 
caused by a protruded nucleus pulposus. He 
refused to be operated upon and left against 
advice. 

Myelograms were repeated in 5 instances 
because the first visualizations were not satis- 
factory. Satisfactory visualization of the sub- 
arachnoid space was eventually obtained in 
every case. In 4 other instances the original 
unsatisfactory myelograms were not repeated 
for various reasons and a diagnosis was 
reached without the assistance of this pro- 
cedure. 

SUMMARY 

The advantages and disadvantages of lipi- 
odol, thorium dioxide, air and oxygen as 
media for the visualization of the spinal sub- 
arachnoid space are discussed, and attention 


is called to the difficulties caused by ihe 
hydrodynamic laws governing the substitu- 
tion of a gas for a liquid when this substitut:on 
is attempted in a container that has only one 
opening. We consider this to be a fault inher- 
ent in the technique advocated by Chamber- 
lain and Young in their use of air or oxygen. 
The superiority of oxygen over other media 
advocated for this purpose is asserted because 
it is nonirritating, self-eliminating, inexpen- 
sive, and universally available, and because it 
cannot be made to serve later as an excuse lor 
the prolongation of symptoms or the initiation 
of litigation on the part of the patient. By 
using a two needle technique for its intro- 
duction, we have demonstrated that its distri- 
bution can be so controlled as to permit the 
filling of all or any part of the spinal subarach- 
noid space and that it can be used repeatedly 
in the individual case without jeopardizing the 
accuracy of later studies of the chemical con- 
stituents of the cerebrospinal fluid. 


CONCLUSIONS 


A method for the use of oxygen as a con- 
trast medium in the visualization of the spinal 
subarachnoid space is described. 

The method employs 2 needles and can be 
used to fill any or all of this space without 
distortion in accordance with the recognized 
laws governing hydrodynamics, and as often 
as may be desirable or necessary in the individ- 
ual case without affecting later observations. 

Evidence as to its general usefulness and 
accuracy as a diagnostic aid is presented. 
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THE TREATMENT 


OF PILONIDAL SINUS 


J. E. DUNPHY, M.D., F.A.C.S., and D. D. MATSON, M.D., 
Boston, Massachusetts 


N interesting fact brought out by the 
present war is the high incidence of 
pilonidal sinus in young adult males. 
The Army has insisted that this 

simple congenital anomaly be corrected before 
a candidate is acceptable for military service. 
As a result, every military hospital has more 
of these troublesome lesions on the wards at 
one time than the average surgeon sees in 
many months of active civilian practice. Al- 
though never threatening life, this condition 
presents a serious problem because of inca- 
pacitation for normal activity. Since the aim 
in military medicine must be to keep a maxi- 
mum number of men fit for active duty, the 
proper treatment of this distressing lesion 
becomes even more significant than in peace 
time practice. 

There has been no widely adopted well 
standardized procedure for the treatment of 
pilonidal sinus. The reported results by all 
methods used until very recent years have 
been largely unsatisfactory. General practi- 
tioners treating an occasional patient have had 
discouraging results. The incidence of de- 
layed wound healing and the recurrence rate 
have been high. Some surgeons have advo- 
cated primary closure, some partial closure 
with drainage, and others equally vigorously 
have recommended excision, with or without 
cautery, followed by open packing and healing 
by secondary intention. 

Because of its apparently trivial character, 
the excision of a pilonidal sinus has not been 
viewed with any particular concern. Conse- 
quently, in the various operative procedures 
used, there has been little careful attention to 
technical detail. Yet, irrespective of the treat- 
ment used, there are probably few operations 
in surgery in which the most meticulous atten- 
tion to detail brings such gratifying results. 
This fact is proved by the excellent results 
reported for primary closure by Stone and by 


From the Surgical Clinic of the Peter Bent Brigham Hospital. 
if 


Ferguson and MeCray and for cautery exci- 
sion with secondary closure by Rogers and his 
associates (9, 10). 

The incidence, embryology, pathology, and 
clinical features of this lesion have been de- 
scribed frequently and are adequately pre- 
sented in the papers of Gage (6, 7), Fox, Stone, 
Breidenback, Burgess, Rogers (9, 10), Fergu- 
son, and others. This paper is confined to the 
treatment of pilonidal sinus. The results 
from the Peter Bent Brigham Hospital are 
given, and standard procedures for primary 
closure and cautery excision are outlined. 

It is sufficient here to state that pilonidal 
cysts and sinuses are congenital lesions which 
become of surgical significance due to the high 
frequency of infection. Two theories have 
been proposed concerning their origin. Fox 
believes they result from invagination of ecto- 
dermal derivatives in the sacrococcygeal area. 
Gage (6, 7) is of the opinion they are due to 
persistent remnants of the neurenteric canal. 
In any case, these epithelial sacs commonly 
present one to several openings in the midline 
over the lower portion of the sacrum. The 
various series of studies in the literature re- 
port this anomaly 3 to 4 times as frequently in 
males as in females (8, 10). It is most com- 
monly recognized in the third decade of life. 
In the last 45 cases examined at the Peter 
Bent Brigham Hospital, 34 were between 20 
and 30 years of age. This places the highest 
incidence directly in the military group. 

The presence of a pilonidal sinus is usually 
unknown until secondary infection occurs. 
Repeated minor trauma and chronic irritation 
are undoubtedly significant in the precipita- 
tion of this infection. Any or all of the signs of 
acute inflammation may be found, intermit- 
tent discharge from the sinus openings is char- 
acteristic, and the formation of secondary 
fistulous openings is common. Abscesses devel- 
op which rupture spontaneously or require 
surgical drainage. 
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TREATMENT 

In the presence of an acute inflammatory 
process, the treatment should be clear. Heat 
and immobilization together with incision and 
drainage of localized suppuration are univer- 
sally recommended and practiced. After the 
acute infection has been controlled, the lesion 
should then be eradicated surgically to pre- 
vent almost certain recurrence of difficulty. 

Each case must be considered individually. 
We have employed 2 types of surgical ther- 
apy. Excision, followed by closure of the 
wound with fine silk, is the procedure of 
choice and will be described in detail. Cau- 
tery excision with open packing and secondary 
healing is the preferable treatment in a cer- 
tain percentage of cases and will be briefly 
outlined. We feel certain that the surgeon 
should be familiar with both techniques and 
the indications for each because no single 
procedure can best be universally adopted. 


EXCISION WITH PRIMARY CLOSURE 


The majority of patients can be treated 
by excision and primary closure. This is most 
satisfactory to the patient since in a short 
period of time the entire treatment is com- 
pleted, repeated dressings are unnecessary, 
and early normal activity may be resumed 
comfortably. For this to be possible, however, 
treatment must be instituted early; that is, 
before repeated bouts of infection have result- 
ed in widely dissecting secondary sinus tracts 
which would prevent approximation of the 
wound edges without tension. It can be in- 
stituted safely only in the absence of acute 
inflammation. Also, the patient must be will- 
ing and able to undergo a short period of 
hospitalization. 

Anesthesia. Local anesthesia is not recom- 
mended for this operation because infiltration 
in the neighborhood of the dissection may ob- 
scure the necessary accurate delimitation of 
sinus tract from normal tissue. We use spinal 
anesthesia as a rule since this is admirably 
suited to young otherwise healthy adults. 
Inhalation or intravenous anesthesia may be 
used. 

Technique. The patient lies face down on 
the operating table with the head turned to 
one side. The table is broken so as to lower 


both the head and feet as shown in Figure 1A. 
Two 3 inch strips of adhesive tape are applied 
to the buttocks opposite the lower margin of 
the sinus and the buttocks are separated by 
attaching these to the sides of the operating 
table as shown in Figure 1, A and B. The tield 
is then prepared and suitable drapes applied. 

The skin incision is outlined (Fig. 2) from 
0.3 to 0.8 centimeter to each side of the mid- 
line dimple or sinus tract openings. It should 
extend a sufficient distance above and below 
the sinus tract to insure complete removal and 
also to facilitate closure of the wound without 
tension. 

The operator and his assistant place fingers 
evenly along the gauze covered margins of the 
incision and apply firm steady pressure as 
illustrated in Figure 3A. In this manner the 
dissection proceeds in a bloodless field. With 
exact hemostasis and careful inspection of the 
tissues, the incision on both sides of the tract 
is carried down to the sacrococcygeal fascia. 
With very little experience it is easy to distin- 
guish normal subcutaneous tissue from sinus 
tract under direct vision provided accurate 
hemostasis is maintained. 

We do not recommend the injection of 
methylene blue or other dyes into the sinus 
tract before operation. As Rogers (10) has 
pointed out, there may be danger of extrava- 
sation of the dye into normal tissue leading to 
an unnecessarily wide extirpation of normal 
fat. The line of demarcation must be planned 
so as to remove the narrowest possible margin 
of normal tissue, for the wider the excision the 
greater the amount of undercutting that is 
necessary and the less the possibility of bring- 
ing the skin margins together without tension 

The ellipse of tissue containing the sinus 
tract is freed from the sacrococcygeal fascia at 
the upper margin of the wound, grasped with 
suitable forceps (Fig. 3B) and peeled down- 
ward. Again, this dissection is carried out 
under careful direct vision with meticulous 
hemostasis. All bleeding points are secured 
with fine silk. Throughout this procedure the 
sinus tract itself should never be actually 
visualized. If the dissection comes too close to 
the dull grayish tissue which characteristically 
surrounds the tract, then the operator must go 
back and excise a slightly wider margin of fat. 
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Fig. 1. 





: ey Incision 


| 





Fig. 3. 


Fig. 1. A, Position of patient on the operating table. B, 
Separation of the buttocks by adhesive straps attached to 
the sides of the operating table. 

Fig. 2. Outline of skin incision. 


Ii the sinus tract is inadvertently cut across 
and there is gross leakage of its contents into 
the wound, then primary closure should be 
alandoned. 


Fig. 3. A, Bleeding controlled by finger tip pressure at 
wound margins exerted by operator and assistant. B, 
Reflection of sinus tract and margin of normal fat from the 
sacrococcygeal fascia. 


At this point in the operation the specimen 
is carefully examined by the pathologist or 
someone not in the operating team to make 
sure that the entire tract has been excised and 
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A and B, Mobilization of wound edges by under- 


Fig. 4. 
cutting. 


that it has not been broken into. When this is 
certain, the wound edges are undermined for a 
short distance in all directions by separating 
the overlying tissues from the sacrococcygeal 
fascia as shown in Figure 4, A and B. Bleeding 
again is controlled with fine silk ties. Hemo- 
stasis by temporary packing of the wound 
alone is dangerous in these cases because 
subsequent oozing with hematoma formation 
makes the success of primary closure much 
less probable. 

Closure is begun by placing a row of inter- 
rupted sutures of fine silk as shown in Figure 
5A. Each suture takes equal bites of the sub- 
cutaneous tissue on either side of the wound 
and also includes a bite of the sacrococcygeal 
fascia in the midline. It is only in this way 
that dead space in the floor of the wound can 
be eliminated. When this row of sutures is 
placed, the adhesive straps separating the 


TABLE I.—OPERATIVE TREATMENT OF PILONI- 
DAL SINUS 
PETER BENT BRIGHAM HOSPITAL, 1936-1940 


No. of Recur- % Recur- 
Operation cases rences rences 
Simple excision 
Open packing........ un. Bg I 4.3 
Excision 
partial closure............ 5 I 20.0 


Primary closure with catgut 

or catgut and silk........ 6 2 26:2 
Primary closure without 

catgut, with silk or silk- 

worm gut or steel wire.... 33 2 6.0 





Fig. 5. A, Placement of deep layer of sutures of fine silk 
including the depths of the wound edges and the sacro- 
coccygeal fascia in the midline. B, Obliteration of dead 
space by tying deep layer of sutures after adhesive strap- 
ping has been released. 


buttocks are released and the sutures are tied 
as illustrated in Figure 5B. These sutures are 
carefully spaced with a view to use a minimum 
amount of suture material. 

The importance of an accurate skin closure 
cannot be overemphasized. For this reason 
we recommend the use of vertical mattress 
sutures of fine silk which insure exact approxi- 
mation of the skin margins and at the same 
time build up the subcutaneous tissues (Fig. 
6). If some tension is present, 1 or 2 retention 
sutures of fine stainless steel wire or silkworm 
gut may be used, but this should rarely be 
necessary. 

Dressing. A small firm pressure dressing is 
applied directly over the wound and the 
undermined area. A rubber or sea-sponge may 
be used here to good advantage. Broad strips 
of adhesive tape are then used to strap the 
buttocks together and hold the dressing snugly 
against the wound. 

Postoperative care. The patient is kept lying 
either flat on his back or on his abdomen and is 
discouraged from lying on his side during the 
first week. Diet is limited first to fluids and 
then to low residue foods. Small doses of 
paregoric are administered daily for the first 5 
to 7 days in order to prevent bowel move- 
ments. At the end of this time paregoric is 
discontinued, mineral oil is given by mouth, 
and a small warm oil retention enema is ad- 
ministered with a soft rubber catheter. 

The dressing is not examined until the 8th 
day unless there has been fecal soiling. If this 
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has occurred a complete new pressure dressing 
is applied immediately. Skin sutures are 
removed on the 8th postoperative day and the 
buttocks are held in approximation by adhe- 
sive strapping until the 12th to 14th day. The 
wound should be examined and cleaned as 
necessary following every defecation during 
this period. Patients leave the hospital usu- 
ally in 10 to 14 days. 


CAUTERY EXCISION WITH SECONDARY 
CLOSURE 

For those cases which are unsuitable for 
primary closure according to the method just 
described, we believe that cautery excision 
under local or spinal anesthesia with open 
packing of the wound and healing by secon- 
dary intention is the method of choice. The 
indications for this type of treatment are: (1) 
large sinuses with widespread secondary fistu- 
lous tracts; (2) recent acute infection; (3) 
marked obesity; (4) gross contamination of 
the wound in attempted primary excision; and 
(5) inability of the patient to spend 10 to 14 
days in the hospital. 

Even endothermy excision should not be 
attempted in the presence of acute suppura- 
tion. Incision and drainage followed by usu- 
ally at least 3 weeks of heat, sterile dressings, 
and observation are indicated before planning 
excision. 

The technique recommended for cautery 
excision is that first suggested by Stanton and 
modified by Rogers and his associates (9, 10). 
It is well described and illustrated by Rogers 
and Hall (10) and is only briefly outlined here. 

While the buttocks are held apart under 
tension, the sinus is split in the midline with 
the actual cautery down to the sacrococcygeal 
fascia from about 1 centimeter above to 1 
centimeter below the pathological tissue. 
Each half of the sinus tract is then excised 
with the cautery by undercutting the wound 
edges. A very narrow margin of skin is re- 
moved with the underlying fatty tissue to at 
least 0.5 centimeter lateral to the sinus. 
Bleeding is controlled with the cautery. This 
procedure allows the wound to fall widely 
apart and with good hemostasis the tissues are 
carefully examined in order to insure complete 
removal of the tract. The wound is packed 


THE TREATMENT OF PILONIDAL SINUS 741 


A 





Fig. 6. A, B, C, Skin closure with vertical mattress 
sutures of fine silk. 


open loosely and the edges are protected with 
vaselined gauze. This operation may be 
carried out with the patient in the prone 
position as illustrated in the technique for 
primary closure (Fig. 1) or in the lateral posi- 
tion as recommended by Rogers and Hall (10). 

The first dressing is not done for 3 to 5 days, 
but from this time on it is advantageous to do 
dressings frequently. We have found that the 
slough disappears and granulations become 
clean and healthy more quickly by changing 
the dressing every 2 days in patients who are 
not in the hospital and daily in hospital pa- 
tients. A very satisfactory dressing consists in 
a gauze sponge soaked in an emulsion of equal 
parts of eusol (12.5 gm. of boric acid, 12.5 gm. 
of chlorinated lime made up to 1,000 c.c.) and 
mineral oil loosely packed into the open 
wounds. The skin margins are protected at 
each dressing by vaselined gauze. It may be 
that a sulfonamide administered locally or 
orally would be of assistance in the seriously 
infected cases. 


TABLE II.—RESULTS OF PRIMARY CLOSURE OF 
PILONIDAL SINUS (WITHOUT CATGUT SUTURES) 
PETER BENT BRIGHAM HOSPITAL, 1932-1940 


Cases Per cent 


OEE CNR oo oles cies on be cewaetnss 43 
OMNI, 5c co eee weaic cmasing Gnas 3 6.9 
Suppuration (healing time in this 

Se Lk a ae eae ee rte I 2.3 


Faulty healing due to separation of wound 

edges. (Average healing time 3 to4wks.). 6 13.8 
Discharge of sutures without wound 

infection or faulty healing............ 3 6.9 
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We agree with Rogers and Hall (10) whole- 
heartedly that it is largely the care with which 
dressings are carried out postoperatively that 
determines the comfort of the wound and the 
speed of healing. Premature bridging of epi- 
thelium over granulations must be prevented 
in the later stages of healing. Soft, pliable, 
nonpainful scars can be obtained in 6 to 12 
weeks after this type of excision. 


RESULTS 


In 1937 one of us (3) reported the results of 
treatment of pilonidal sinus from the Peter 
Bent Brigham Hospital in a paper empha- 
sizing the importance of the suture material 
used. Between 1932 and 1936, 63 patients 
were submitted to operation. Eighteen were 
packed open with a recurrence rate of 27.6 per 
cent. In 45 cases, primary closure was at- 
tempted with a recurrence rate of 22.2 per 
cent. It was pointed out that the recurrence 
rate in the latter group was almost directly 
proportional to the amount of catgut used. 
Thus in 17 cases closed with heavy catgut 
there were 11 cases of secondary healing of the 
wound and 6 recurrences, while in 10 cases 
closed with fine silk or silkworm gut only, all 
the wounds healed per primam with 1 re- 
currence. 

Since that report special attention has been 
directed toward the treatment of these lesions. 
It has become more and more apparent that 
no special procedure should be adopted as a 
routine treatment. Each case must be ana- 
lyzed carefully and operative treatment car- 
ried out according to the particular indica- 
tions. The results of treatment on this basis 
since the previous report have been gratifying. 
Table I shows the incidence of recurrence in 67 
cases treated between July, 1936, and March, 
1941. Eight other cases are not included 
because of inadequate follow-up data. These 
8 cases all had good immediate results. 

Of these 67 cases, 39 or 58 per cent were 
treated by primary closure. Since the choice 
of treatment was considered individually and 
since the results are satisfactory, we believe 
this represents a fair estimate of the propor- 
tion of cases suitable for primary closure. 

Table II presents the results of all the pa- 
tients from 1932 to 1940 treated by primary 


closure in which no catgut was used. It dem- 
onstrates the very small percentage of compli- 
cations in this method of treatment. 


CONCLUSIONS 


1. Because of the high incidence of pilonidal 
sinus in young adult males in the military 
service, improvement and standardization of 
surgical treatment are highly desirable. 

2. There is no one routine treatment adapt- 
able for all cases. About 60 per cent are suit- 
able for excision with primary closure. The 
remainder can best be treated by cautery 
excision followed by open packing of the 
wound. The technique and indications for 
each procedure are presented. 

3. When primary closure is adopted as the 
proper treatment, the use of catgut is contra- 
indicated. Fine silk is the suture material of 
choice. 

4. Successful primary closure depends upon 
meticulous attention to detail: accurate hemo- 
stasis, careful dissection under direct vision, 
obliteration of dead space, exact approxi- 
mation of skin margins, and a firm well applied 
pressure dressing. 

5. Successful cautery excision and_ the 
speed and comfort of wound healing are 
largely determined by the care taken with the 
frequent postoperative dressings. 

6. The incidence of recurrence in this clinic 
has been reduced from 22 per cent to 4.3 per 
cent for open excision with packing and from 
27 per cent to 6.0 per cent for primary closure. 

7. More important than the method of 
treatment selected is the precision with which 
it is carried out. 
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THE ANATOMY OF THE PELVIC AUTONOMIC NERVES 
| IN RELATION TO GYNECOLOGY 


ARTHUR H. CURTIS, 
FRANKLIN L. 


NVESTIGATORS of the gross anatomy 
of the hypogastric (presacral) and other 
autonomic pelvic nerve plexuses have 
left pelvic surgeons in an unsettled state 

relative to the surgical anatomy of this region. 
Clinicians’ inability to identify the nerves 
during plexus resection operations has not 
served to clarify this subject. 

In a series of studies concerned with the 
gross anatomy of the female pelvis our dissec- 
tions have enabled us to recognize details of 
the structure of the pelvic soft parts which 
have long been the subject of considerable 
confusion (4, 5, 6). As a corollary to these 
studies we have naturally turned to a con- 
sideration of the distribution of the pelvic 
autonomic nerves. Four drawings were pre- 
pared from a series of dissections carried out 
upon particularly favorable specimens. The 
dissection depicted in the first illustration was 
made to correspond to the exposure employed 
in the operation for ‘“‘presacral nerve”’ resec- 
tion. The second and third illustrations, also 
vital in their surgical bearing, portray the 
details of the autonomic nerve plexuses in 
relation to other pelvic structures, including 
their mode of distribution to the pelvic vis- 
cera. The fourth dissection, by more complete 
exposure, reveals the conventional anatomy 
of the sacral plexus and its relationship to the 
sympathetic chain and to the origin of the 
parasympathetic nerves. 


PERTINENT LITERATURE 


The lumbar and lower thoracic sympa- 
thetic ganglia, and the superior, middle, and 
inferior hypogastric plexuses constitute the 
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sensory pathways from the pelvic viscera.! A 
most important exception in gynecology is 
that the nerves from the ovaries, similar to 
their vascular supply, pass somewhat inde- 
pendently to the inferior mesenteric plexus, 
as do also the sensory fibers from the lower 
bowel and fallopian tubes. 

Anatomy. If one starts with the region of 
the solar plexus, just beneath the diaphragm, 
there are the two semilunar ganglia and the 
celiac plexus. From this region sympathetic 
nerve plexuses communicate at a slightly 
lower level with the subordinate aorticorenal 
ganglion, the renal plexus, and the transverse 
aortic bar. All of these are really an integral 
part of the solar plexus, and here arise the 
two or three intermesenteric nerves which 
pass downward over the anterior surface of 
the aorta, receiving fibers from the inferior 
mesenteric ganglion and the lumbar sympa- 
thetic ganglia. Between the intermesenteric 
nerves are many intercommunicating fibers. 

At the level of the bifurcation of the aorta 
the intermesenteric nerves join to form the 
superior hypogastric plexus, more commonly 
known as the “presacral nerve,’ which is the 
chief supply of the bladder, the rectum, and 
the internal genitalia except the ovary and 
part of the fallopian tube. The location and 
relations of the superior hypogastric plexus 
are important because its removal is frequent- 
ly resorted to for relief of intractable pelvic 
pain. It is usually a moderately wide plexus 
formed from the two or three incompletely 
fused trunks of the intermesenteric nerves. In 
perhaps 20 per cent of the cases there is com- 
plete fusion, with resultant formation of a 
single nerve. The superior hypogastric plexus 

1The preganglionic cells of the sympathetic pathways lie in 
the lowest thoracic and upper lumbar levels of the intermedio- 
lateral column. These cells send their axons out over the lower 
white rami of the thoracolumbar outflow to the lumbar and 
preaortic ganglia. Postganglionic neurons originate in the sym- 


pathetic trunks as well as in the preaortic ganglia to form a 
plexus descending along the abdominal aorta (White, 1935). 
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spreads out behind the peritoneum in a bed 
of loosely meshed areolar tissue which lies 
upon the bodies of the 4th and 5th lumbar 
vertebrae. In the midline the middle sacral 
artery is situated between the nerves and the 
anterior surface of the vertebral bodies. There 
is a bilateral communication between the 
“presacral nerve” and the lumbar sympa- 
thetic ganglia by means of fine nerve strands 
which pass from the ganglia to the nerves 
located behind the common iliac arteries. 
The superior hypogastric plexus may or 
may not form a middle hypogastric plexus; 
when present, the plexus is a flat expanse of 
neurofibrous tissue overlying the promontory 
and extending just below it; this plexus 
divides to form the bilateral inferior hypo- 
gastric plexuses, or hypogastric nerves. Each 
consists of two or three interlacing nerves, 
forming a long narrow plexus. The fibers of 
the inferior hypogastric plexus pass down- 
ward and lateralward near the sacral end of 
the uterosacral ligament, then forward over 
the lateral surface of the rectal ampulla to 
join the pelvic plexus, sometimes known as 
the uterovaginal plexus, the cervical ganglion, 
or the ganglion of Frankenhiuser, of which 


the hypogastric plexus furnishes the main 


sympathetic supply. The additional nerve 
supply to the pelvic plexus consists of fine 
fibers from the sacral sympathetic chain and 
parasympathetic branches (erigens or pelvic 
nerve) usually arising from the 2d to the 4th 
anterior roots of the sacral nerves.' 

The pelvic plexus is described as a bilateral 
thin sheet of nerve fibers imbedded in connec- 
tive tissue and spread out over an area of 2 by 
3 centimeters upon the anterolateral aspect of 
the ampulla of the rectum. It is situated in 
the broad ligament at the level of the cervix, 
somewhat lateral to the lateral fornix of the 


1The parasympathetic preganglionic neuron cells lie in the lateral 
portion of the anterior horn of the sacral cord. Thence their axons run 
out over the 2d, 3d, and 4th sacral anterior roots and the sacral nerves, 
to emerge from the sacral foramina in the hollow of the sacrum. Their 
rami, the nervi erigentes, pass through the inferior hypogastric ganglia. 
The distribution of these fibers was formerly supposed to be limited to 
the pelvic viscera. Mitchell (1935), however, has traced a number of 
ascending strands which carry parasympathetic axons via the inferior 
mesenteric plexus to the descending colon. Parasympathetic innerva- 
tion of the uterus, tubes, ovaries, and testes has been demonstrated. 
Postganglionic neurons constitute the intrinsic plexuses in the muscular 
walls and internal sphincters of the bladder and rectum, as well as in 
the genital organs (White). 

Other references which have been extensively used are the following: 
Cotte, 1925, 10931, 1932; Davis, 1933, 1034; Frankenhaduser, 1867; 
Jaboulay, 1°99; Latarjet and Bonnet, 1913; Learmonth, 1930, 1931; 
Leriche, 1921; Meigs, 1939, 1940; Schroeder, 19393 Winslow, 1732. 
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vagina, upon the posterior surface of Mackvn- 
rodt’s ligament. All of the pelvic viscera are 
supplied almost exclusively by the. pelvic 
plexus. The nerves to the uterus, bladder, and 
vagina are said to leave the plexus anteriorly, 
separate from the nerves to the rectum, the 
uterine nerves leaving the vesical nerves to 
pass along the uterosacral ligament to the 
cervix, mesial to the crossing of the ureter by 
the uterine artery. 

There are no large ganglia in the pelvic 
plexus; it consists of interlacing nerve fibers 
with numerous minute ganglia. Other minute 
ganglia, the paracervical ganglia, which are 
offshoots from the pelvic plexus, are present 
in the paracervical broad ligament tissues be- 
hind the uterine artery a short distance from 
the uterus. 

The uterus, as indicated, derives its nerve 
supply from the uterine portion of the pelvic 
plexus. There is said to be a small independent 
nerve supply direct from the hypogastric 
nerve. The nerves to the uterus follow the 
blood supply, and some filaments may be 
traced, grossly, beneath the peritoneum into 
the uterine muscle. Microscopically, nerve 
fibers may be found both between the smooth 
muscle fibers and around the capillary vessels. 
In the cervix the blood vessels are stated to be 
more scantily supplied with nerves. Beneath 
the columnar epithelium of the internal os are 
delicate parallel bundles of nerves, and under 
the epithelium of the vaginal portion of the 
cervix are nerve plexuses containing many 
spidery ganglion cells. Except for these, there 
are almost no ganglia in the uterus. 

The vagina is innervated by the vaginal 
portion of the uterovaginal plexus, with some 
fibers derived from sacral sympathetic trunk. 

The ovary derives its nerve supply mainly 
from the ovarian plexus, a meshwork of nerve 
fiber bundles which arise from the aortic and 
renal plexuses and accompany the ovarian 
artery throughout its course. The high source 
of the ovarian nerve supply is as should be 
expected with realization that the ovary is 
embryologically an abdominal organ. The 
ovarian plexus invests both the ovarian artery 
and the vein. It supplies fibers to the broac| 
ligament and to the fallopian tube, as well as 
to the ovary, and communicates in the broac| 
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Fig. 1. Presacral nerves in relation to peritoneal tissues. Anterior view of pelvis. Removal 
of peritoneum and retroperitoneal tissues by strata, demonstrating the relation of the more 
prominent autonomic elements to the heavy (deep) layer of retroperitoneal tissue. 


ligament with the pelvic plexus; through the 
latter plexus it supplies fibers to the uterus. 
It has been demonstrated, histologically, that 
there is an abundant nerve supply to the blood 
vessels and stroma of the ovary, but that no 
nerves penetrate the follicles, the corpus 
luteum, or the interstitial cells. 

Physiology. The sympathetics act as vaso- 
constrictors and as inhibitors of the muscula- 
ture of sigmoid, rectum, and bladder; they 


cause contraction of the voluntary sphincter 
of the bladder. The fibers are glandulomotor 
to superficial and deep glands, trophic to the 
external genitalia. 

The parasympathetics bring about vaso- 
dilatation and release of the sphincters. The 
fibers do not carry uterine pain sensation, but 
pain sensation from the urinary bladder. 

McCrea and Macdonald (1934) doubt that 
either system, parasympathetic or sympa- 
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Fig. 2. Presacral nerves; deeper dissection. Medial view of pelvis sectioned in parasagittal plane 
through pubic tubercle of the right side (see inset). The terminal portions of organs are intact; 
the fibrous lamina beneath the fatty preperitoneal layer has been freed and elevated. A wedge- 
shaped piece of the fibrous lamina has been removed between the rectum and the autonomic plexus 
to expose the sacral plexus, parasympathetic nerves, sacral sympathetic chain, and subjacent pir- 
iformis muscle. 


thetic, is exclusively excitor or inhibitor; they Section of the superior hypogastric plexus 
believe that the two co-operate with somatic does not greatly alter menstrual function and 
nerves in regulating bladder function, but that apparently does not interfere with delivery or 
the parasympathetics are more important. disturb any motor function of the bladder. 
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Fig. 3. Presacral nerves; deepest fibers. View and section as in preceding figure. By further re- 
moval of the heavier layer of preperitoneal tissue the communications have been traced between 
the autonomic nerves and the sacral trunks. 


ANATOMICAL OBSERVATIONS nerve fibers; this layer corresponds to that in 

In the dissected specimen (Figs. 1 to 4), the which the colic, sigmoidal, and hemorrhoidal 
retroperitoneal connective tissue was con- vessels are housed; (2) a deeper stratum, in 
veniently dissected into two layers: (1) a tela which the nerve fibers are supported by deli- 


cus subserosa, in which there is considerable fat cate connective tissue. The two layers merge 
ind just beneath the peritoneum, decreasing in at the level of the 2d and 3d sacral segments 
or amount in the lesser pelvis; in this layer there on the posterolateral wall of the lesser pelvis. 





are scattering, relatively delicate autonomic The delicate deeper layer of connective 
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tissue in which the major portion of the 
nerves lie enmeshed is depicted in Figure 1 
only where it closely surrounds the nerves to 
make them appear heavier than they are. 

As stated previously, the dissection shown 
in Figure 1 was purposely made to correspond 
to the exposure employed in the operation for 
presacral nerve resection. Although in the 
living subject one sees chiefly a cobwebby 
retroperitoneal connective tissue in which the 
nerves are distinguished with difficulty, in the 
dissected body, in contrast, the majority of 
nerve fibers depicted are followed readily, 
without recourse to the use of a hand lens. 

The autonomic nerve trunks of the superior 
and middle hypogastric plexuses tend to be 
located to the left of the midline; in 30 dissec- 
tions 75 per cent were on the left, 25 per cent 
were midline, none were on the right. This is 
an additional reason for thorough operative 
exposure of the nerve-bearing tissue on the 
left, a detail of the procedure commonly 
avoided because of anatomical variability and 
consequent surgical hazard. 

The superior hypogastric plexus becomes 
the middle hypogastric plexus just below the 
promontory; the latter bifurcates at the level 
of the body of the first sacral vertebra (Figs. 1 
and 2). The inferior hypogastric plexus con- 
tinues inferiorly, downward, and lateralward 
along the pelvic wall. At the approximate 
level of the 3d sacral vertebra this closely 
grouped plexus of nerve fibers begins to sepa- 
rate and to anastomose with fibers coursing 
laterally from the sympathetic chain and from 
the sacral plexus. The point of union marks 
the upper limit of the pelvic plexus. 

The pelvic plexus shown in the illustrations 
is 4 centimeters wide, 5 centimeters long from 
the point at which the inferior hypogastric 
plexus begins to fan out; it is of roughly trian- 
gular shape (Figs. 2 and 3). In passing to the 
rectum, uterus, bladder, and other places of 
distribution, it divides into lesser plexuses, the 
three principal members of the group being 
the rectal, uterovaginal, and vesical. Each of 
these lies on the lateral pelvic wall adjacent to 
the respective organ for which it is named. 
The uterovaginal and vesical plexuses ap- 
proach the viscera from below, on their pos- 
terolateral aspects (Figs. 2 and 3). 
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The sacral sympathetic chain appears })i- 
laterally from beneath the common iliac 
vessels at a point 2.5 centimeters lateral to 
the middle of the promontory (Fig. 1). The 
chains pass along the lateral surface of either 
side of the sacrum, giving a small branch to 
each of the sacral nerves; 6 ganglia are visible 
in the left chain (Figs. 2 and 3); minute fibers 
are also contributed to the parasympathetic 
nerves by the 3d to the 5th ganglia. 

The nervus erigens (parasympathetic rami 
viscerales) consists of three branches, from the 
2d, 3d, and 4th sacral nerves (Fig. 4). 

The parasympathetic nerves reach the pos- 
terior aspect of the pelvic plexus a distance of 
6 centimeters from the midpoint of the body 
of the 5th sacral vertebra, thus forming a wing 
of nervous and fibrous tissue situated deep to 
the pelvic plexus and connected with it. 

As already described and illustrated in a 
study of the vessels of the female pelvis, the 
pelvic plexus of nerves is superimposed upon 
the vascular network of the broad ligament 
(7). In the broad ligament at the base of the 
uterus the nerves can be seen passing over and 
among the vessels in their course to uterus. 

The ureter enters the true pelvis, crossing 
the common iliac artery at or near its bifurca- 
tion into the external iliac and hypogastric 
arteries (Figs. 1 to 4). At this point the dis- 
tance between the ureters averaged 7 centi- 
meters in a number of specimens examined; 
this distance, however, is subject to wide 
variation. It is at this level that the ureters 
are most accessible for identification during 
“presacral nerve”’ resection. 


SURGICAL IMPLICATIONS 


Experience has demonstrated that removal 
of the superior hypogastric plexus is a very 
satisfactory procedure for the relief of vesical 
and uterine pain, particularly for permanent 
relief of suffering from primary, or essential, 
dysmenorrhea. In this connection it should 
be borne in mind that pain from the ovaries 
travels by an independent pathway and is not 
relieved by presacral neurectomy. 

Emphasis should be placed on the fact that 
the midline incision for resection of the hypo- 
gastric plexus must extend to a point well 
above the navel in order to insure adequate 
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Fig. 4. Sacral plexus and related structures. View and section as in Figures 2 and 3. The iliopsoas 
fascia has now been removed; the pelvic part of the obturator fascia is intact; the superior fascia of 
pelvic diaphragm remains along the tendinous arch. The iliopsoas muscle is exposed; the levator 
ani remains along its attachment, from body of pubis to spine of ischium; the piriformis is seen deep 
to sacral plexus; the coccygeus muscle entire; the obturator internus muscle is shown, freed of fascia, 
in its perineal part, coursing toward the lesser sciatic foramen; the gluteus maximus is seen as it 
crosses from sacrococcygeal attachment to pass behind the tuberosity of the ischium. The sacro- 
tuberous ligament is in view, but the sacrospinous ligament is almost completely covered by the coccy- 
geus muscle. The obturator nerve is followed to the foramen from the sulcus between the psoas 
major muscle and the hypogastric vessels. The lumbosacral trunk and the five sacral nerve trunks 
are shown. The pudendal nerve is followed along perineal wall, exposed there by removal of the 
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75° 


exposure. As the operation is usually per- 
formed, the right ureter is encountered and 
exposed, but it is commonly stated that the 
left ureter is not usually seen, because it is 
difficult to expose and is frequently inacces- 
sible behind the sigmoid bowel. Asa matter of 
fact the operation may be made much more 
thorough and safe, and more extensive, by 
exposure of the left ureter as well as the right. 
One proceeds from the region of the right 
ureter toward the left, including all connective 
tissue overlying the bony wall, the dissection 
being continued until a corded tissue is en- 
countered on the left. This will usually be the 
superior hemorrhoidal artery (with vein), in 
close proximity to the left ureter, the latter 
usually being more lateral than the vessels and 
in a deeper stratum of cellular tissue. The 
hemorrhoidal vessels are exceedingly im- 
portant landmarks and are of material aid in 
locating the left ureter. Our anatomical dis- 
sections confirm our clinical experience that 
removal of all nerve-bearing tissue between 
the two ureters, with emphasis on the tissues 
to the left, is particularly desirable. In view 
of the fact that pain travels upward from the 
viscera, the importance of high dissection 
appears overemphasized, whereas wide and 
thorough dissection below has received too 
scant emphasis. The tissue to be excised en 
masse includes all accessible retroperitoneal 
nerve-bearing connective tissue of the deeper 
pelvis which can be removed with safety 
above the level of the second sacral nerve. A 
feature of some interest is the fact that the 
middle sacral artery usually escapes injury, 
not because it is so often rudimentary, as has 
been commonly assumed, but because it is 
closely attached to the bony structures, and 
therefore escapes injury with gentle blunt 
dissection. It is frequently stated that, al- 
though this operation yields very gratifying 
results, it is by no means a simple procedure, 
to be undertaken lightly. With this we are in 
full accord; but with exposure of both ureters 
and detailed technique, the hazard is appar- 
ently negligible. Further, it is stated that 
there is a tendency to recurrence of dys- 
menorrhea some years later. In our cases, par- 
ticular care has been exercised to make thor- 
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ough excision, and there has been no such 
recurrence. 


SUMMARY 


The surgical anatomy of the hypogastric 
plexuses has been portrayed exactly as it ap- 
pears in a typical dissected specimen. 

The pelvic autonomic nerves have been 
shown in situ; their distribution, location, and 
intercommunications are revealed. The wide 
expanse of the pelvic plexus, to include the 
region along the posterolateral pelvic wall and 
the tissue surrounding the vessels and ureter 
in Mackenrodt’s ligament, is an anatomical 
condition important in gynecology. The im- 
plications of this relationship in the etiology 
of pelvic pain are self-evident. 

The distribution of the visceral nerves and 
their communications with the branches of the 
parasympathetic mervus erigens (rami vis- 
cerales) from the sacral nerves are described 
and illustrated; the manner in which these 
several sets of fibers contribute to the broad 
pelvic plexus (Frankenhiuser’s plexus) is also 


shown. 
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LEFT SUBPHRENIC ABSCESS 


HAROLD NEUHOF, M.D., F.A.C.S., and NATHANIEL C. SCHLOSSMANN, M.D., 
New York, New York 


N the vast literature dealing with subphrenic 
abscess scarcely any attention has been 
directed toward suppuration beneath the 
left leaf of the diaphragm. Observations on 

our own as well as on other surgical services at 
Mount Sinai Hospital have pointed to decided 
differences in the anatomical, pathological, and 
clinical features of right and left subphrenic ab- 
scess. The great disparity in mortality in The 
Mount Sinai Hospital series, 35 per cent for right 
subphrenic abscess as compared with 75 per cent 
for left subphrenic abscess, would alone warrant 
separate consideration of left subphrenic abscess. 
Other reasons will be set forth. Our presentation 
of the subject is based on a study of 33 adequately 
documented consecutive cases of left subphrenic 
abscess observed at Mount Sinai Hospital from 
1928 to 1942. Fifty-one cases of right subphrenic 
abscess were observed in the same period. After a 
brief discussion of the anatomy of the left sub- 
phrenic space, the 33 cases will be analyzed ac- 
cording to etiology, pathogenesis and pathology, 
clinical and roentgen features, prognosis and mor- 
tality. The operative procedures that were per- 
formed will be surveyed and there will be described 
a one stage transpleural operation for the thoracic 
variety of left subphrenic abscess. It is hoped that 
the acceptance of certain principles to be set forth 
concerning earlier diagnosis and operative proce- 
dure will result in some measure of reduction of 
the present day appalling mortality of left sub- 
phrenic abscess. ; 
ANATOMY 
Barnard’s simple definition of subphrenic ab- 
scess as one immediately beneath and in contact 
with the diaphragm is adhered to in this dis- 
cussion. A broad contact is implied. Some authors 
include under subphrenic abscess, lesions more or 
less remotely related to the diaphragm; for ex- 
ample, certain pericholecystic or perirenal suppur- 
ations. Lesions which incidentally touch the dia- 
phragm usually do not raise special diagnosis and 
therapy problems which often arise in true sub- 
diaphragmatic abscess, and their inclusion would 
confuse the issue. Our discussion is confined to 
abscesses which have their main contact with the 
under surface of the left leaf of the diaphragm. 


From the Surgical and Medical Services and the Department 
of Laboratories, The Mount Sinai Hospital, New York. 


From the time of the basic contributions con- 
cerning subdiaphragmatic abscess, the anatomical 
subdivision of the space has been stressed. The 
left subphrenic space has been defined in terms of 
its relation to the liver (8,22). The left coronary 
and triangular ligaments, the falciform ligaments 
and anterosuperior surface of the liver limit the 
large left anterosuperior intraperitoneal space. 
The left coronary and triangular ligaments, the 
posterior surface of the left lobe, and the gastro- 
hepatic peritoneal fold confine the left posterior 
intraperitoneal space to the lesser peritoneal cav- 
ity. The bare area comprises the superior extra- 
peritoneal zone. Since the left anterior inferior 
space is bordered above by the inferior surface of 
the liver, it should not be regarded as the sub- 
phrenic, but as the left anterior subhepatic, area. 
In the presence of infection, anatomical demarca- 
tions may become indistinct. Furthermore ana- 
tomical boundaries may become distorted and a 
topographic classification as a guide to operative 
procedures may become useless or even dangerous. 
According to our study of the cases the conven- 
tional division of the left subphrenic space into 
perihepatic zones is unsatisfactory in the presence 
of suppuration. About one-half of the left leaf of 
the diaphragm is in contact with the liver, the 
stomach and spleen occupying most of the re- 
maining space. It will be shown that perisplenic 
and perigastric abscesses in contact with the 
diaphragm as broadly as perihepatic abscesses 
comprise a preponderance of left subphrenic 
suppurations. 

One fundamental anatomical difference be- 
tween left and right subphrenic abscess should be 
emphasized. On the right side the liver, a solid 
organ, not only occupies the entire space but is 
relatively immobile and anchored in its bare area 
by fibrous structures, the vena cava and its hepa- 
tic tributaries. By way of contrast the left lobe of 
the liver occupies less than half of the left sub- 
phrenic space and is slung from the parietes by 
peritoneal folds. The other peritonealized struc- 
tures of the left subphrenic space (spleen, stom- 
ach, colon) are even more mobile. Thus, the right 
lobe of the liver tends to lock up a right subphrenic 
abscess whereas the organs bordering a left sided 
lesion are readily displaceable by an expanding 
suppurative lesion. 
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Fig. 1. Left subphrenic abscess, complicating appendi- 
citis and peritonitis. Film taken with patient in prone posi- 
tion. The unsatisfactory information available because of 
prone position will be noted. 


ETIOLOGY AND PATHOGENESIS 

All left subphrenic abscesses in our series were 
secondary to intra-abdominal suppurative foci. 
Direct extension of infection from nearby organs 
was by far the most frequent mode of spread into 
the left subphrenic space. Tracts lined by granu- 
lation tissue or actual purulent channels extended 
from the primary suppurative focus either intra- 
peritoneally or extraperitoneally in 30 of the 33 
cases. Lymphatic extension occurred in 2 in- 
stances, following appendectomy and pelvic sup- 
puration, and was thus an infrequent mechanism 
of dissemination. There is one instance in which 
the etiology remains unknown. From the history, 
a possible intestinal source may be postulated. 
The patient’s progress has been satisfactory and 
the source of infection may never be determined. 
In this connection it should be noted that there 
were 2 cases in this series in which the etiology 
was not disclosed until months after the sub- 
phrenic abscess was drained. 

The most frequent single source of infection 
was the stomach or duodenum (13 cases). In 8 of 
these 13 cases the lesion was a perforation situated 
on the right side. In the 5 remaining cases the 
lesion was in the fundal portion of the stomach 
(left upper quadrant). In all there existed a per- 
foration either of a peptic ulcer or malignant 
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tumor, or of an anastomosis following gastric 
resection. 

Regional abscesses of the left upper quadrant 
extending into the subdiaphragmatic space were 
encountered in 18 cases (56 per cent). The etiol- 
ogy in 2 cases was splenectomy. In one a hema- 
toma subsequent to splenectomy for traumatic 
rupture of the spleen became infected. In the 
other, trauma to the capsule of the pancreas 
during splenectomy for thrombocytopenic pur- 
pura resulted in pancreatic necrosis and the 
accumulation of the purulent autolyzed material 
beneath the diaphragm. 

It has been asserted that the subphrenic space 
may be invaded directly by the hematogenous 
route (27). This was not encountered in our 
series. However, there was a group of 4 cases of 
indirect invasion by way of perforation of meta- 
static abscesses of the spleen. In some of these 
cases the source was a pulmonary abscess with 
complicating suppurative phlebitis. There was no 
evidence of direct extension of infection across the 
diaphragm in these cases. Archibald described the 
exceptional instance of a supradiaphragmatic 
empyema which perforated the diaphragm to 
invade the subphrenic space. There appears to be 
but little justification, however, for the belief that 
5 per cent of left and right subphrenic abscesses 
can follow empyema with retrograde lymphatic 
gravitation due to blocked hilar lymphatics (8). 
Schlanger with radio-opaque material, Munro by 
carmine injection, and others have demonstrated 
free anastomosing lymph channels from the lower 
abdominal organs to the liver and subphrenic 
spaces through the diaphragm to the mediastinal 
and deep cervical lymph nodes. Kuettner demon- 
strated extensive lymphatic channels in the dia- 
phragm, but reverse flow from within the thorax 
to the infradiaphragmatic areas was never noted. 
Clarke injected dyes into the mediastinum and 
was unable to discern retrograde lymphatic seep- 
age through the diaphragm. 

Infected retroperitoneal sarcoma situated in the 
left upper quadrant was the cause of subphrenic 
abscess in several instances. A distinctive clinical 
picture, to be noted shortly, characterizes these 
cases. 

Reference has already been made to the single 
instance of left subphrenic abscess following left 
renal tuberculosis. Only after a period of many 
months (at the time of nephrectomy) was the 
etiology proved to have been a perforation of the 
superior pole of the tuberculous kidney. 

Left subphrenic abscess followed suppuratio! 
of the biliary tract in 2 cases. In one there was 
direct extension from a perforated cholangeitic 
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lig. 2. Roentgenogram of same patient in the upright 
position, taken on the same day. The mass which was 
made by the subphrenic abscess is to be seen through the 
gastric bubble. 


liver abscess into the anterosuperior perihepat- 
ic space, and in the other one gravitation of 
infected bile from perforation of the gall bladder 
into the laterosplenic aspect of the subphrenic 
area. 

Pelvic suppuration was the etiology in 2 cases. 
Barnard and Carter have emphasized a left intra- 
peritoneal paravertebral pathway from the pelvis 
to the left anterior subdiaphragmatic space. In 
our cases the suppurative tract extended from the 
pelvis over the left sacral promontory in the retro- 
peritoneum along the iliopsoas, to reach the left 
diaphragm extraperitoneally. 

A study of the cases in this series establishes the 
fact that there are no pre-existing specific path- 
ways of infection to the left subphrenic space and 
that suppuration beneath the left diaphragm is 
contingent upon direct extension from regional 
areas in most cases. Thus, from the viewpoint of 
etiology and pathogenesis, emphasis is to be placed 
on subphrenic abscess as a problem requiring 
individual surgical approach in individual cases 
and not operative drainage in accordance with a 
set plan. In connection with diagnosis, the high 
incidence of left-sided subphrenic abscess which 
has been derived from right-sided perforations 
of stomach or duodenum is worthy of special 
comment. 


mn 
ww 





Fig. 3. Lateral view. The forward displacement of the 
stomach is noteworthy. The outline of the multilocular sub- 
phrenic abscess is seen through gastric fluid level. Patient 
recovered after one stage transdiaphragmatic drainage. 


PATHOLOGY 

The differences in the anatomy of the right and 
left subphrenic spaces, referred to at the outset, 
account largely for the differences in pathology. 
On the right side an abscess beneath the right dia- 
phragm cannot readily expand against the massive 
and relatively immobile right lobe of the liver, and 
therefore tends to enlarge by elevation of the 
diaphragm. Elevation of the right diaphragm has 
thus become a fairly constant phenomenon and 
perforation of the diaphragm a relatively common 
occurrence (3, 28). As the diaphragm becomes 
displaced or balloons upward, contact between the 
abscess and the thoracic parietes is prone to occur. 
The simple anatomical configu ration of the right 
subphrenic space leads to a simple monolocular 
abscess in most cases. 

The foregoing features of right subphrenic ab- 
scess are mentioned for purposes of contrast with 
left-sided lesions. The limiting abdominal organs, 
varied in form and mobile in attachment to the 
parietes, are displaced as the mass expands. The 
left lobe of the liver is a decidedly less resistant 
structure than the right. Thus, elevation of the 
left leaf of the diaphragm is not to be anticipated 
as a constant or early phenomenon. Asa corollary, 
supradiaphragmatic invasion with or without per- 
foration is not common. The feature of the path- 
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ology which is of greatest clinical importance is 
the great variation in the shape, location, and 
loculation of left subdiaphragmatic abscess. Each 
abscess assumes an individual configuration and 
site within the left subphrenic space. The pres- 
ence of hollow as well as parenchymatous organs 
bounding all but the roof of the left subphrenic 
space often results in a complex irregular abscess 
cavity which tends to be monolocular only at an 
early stage. Later it may burrow around both 
the liver and spleen, compressing and displacing 
the stomach and bowel and seeping along the 
peritoneal ligaments to form an intricate multi- 
locular cavity. Of the 30 cases in this series in 
which the details are known, the abscess had 
advanced to the stage of multilocularity in 20. The 
difficulty or occasionally even the impossibility of 
surgical drainage of such lesions is apparent. 

The question of the presence of gas (air) in a 
subphrenic abscess is of clinical import. A fluid 
level was observed in 2 of the cases of left sub- 
phrenic abscess in this series. Wessler and Jaches 
appear to have been the first to state that a sub- 
phrenic gas containing abscess only follows perfor- 
ation of or into the bowel or the bronchial tree. On 
the other hand, Gatewood has asserted a bacterial 
origin. The 2 left subphrenic gas containing 
abscesses in our series resulted from gastrointes- 
tinal perforation. It may be added that communi- 
cation with a hollow viscus or a bronchus has 
existed in all gas containing right subphrenic 
abscesses in our experience. It is of further inter- 
est to note that there were 4 cases of anaerobic 
streptococcus and Welch bacillus infection in our 
series of left subphrenic abscess and not one was 
a gas containing lesion. 


CLINICAL FEATURES 


On the basis of a review of a vast literature on 
subphrenic abscess, Ochsner described 3 types 
of initial manifestations. In the great majority of 
cases pyrexia with accompanying leucocytosis is 
the first sign beginning from to days to 3 weeks 
after abdominal suppuration. In a small group 
the onset is sudden and abrupt (17-21, 32). There 
is a third small group characterized by an ex- 
tremely slow and insidious evolution (9, 18-21, 24). 
There is a considerable measure of uniformity in 
the primary clinical manifestations in the 33 cases 
of left subphrenic abscess. The presenting symp- 
toms were essentially those of the causative sup- 
purative focus and the subphrenic abscess as such 
could be regarded as having remained asympto- 
matic for weeks or even months. Only in 7 cases 
(22 per cent) was the developmental period appar- 
ently less than 3 weeks and in these all but one 


were instances of free gastrointestinal perforation 
with gross seepage into the subphrenic area. ‘| he 
evolution in 78 per cent of the cases was either so 
insidious or indistinctive that there was an aver- 
age lapse of a month and a half from the initial 
suppuration to the time of recognition of the sub- 
phrenic abscess. In 3 instances the interval was 
an indefinite period of years. During the “latent” 
period, no constant symptoms or localizing signs 
were present. The picture of a vague illness with 
malaise, debility, occasional fever, and slight 
leucocytosis, suggested the possibility of an area 
of suppuration complicating the original lesion. 
Emphasis should be placed upon this long en- 
feebling period because the prognosis of even an 
adequate and simple operation for subphrenic 
abscess may be grave when patients are finally 
operated upon. 

Rapidly mounting fever usually marked the 
transition to the active phase of left subphrenic 
abscess. The temperature, rising daily to 104 or 
105 degrees and paralleled by tachycardia, was 
the index of the toxic state in 3 patients. 

Dry cough, painful breathing, and constant left 
lower thoracic pain were the most frequent com- 
plaints and when unaccompanied by abdominal 
symptoms pointed to the thoracic type of sub- 
phrenic abscess. Physical signs referable to a left 
sided pulmonopleural inflammatory process were 
present in 24 patients, 78 per cent. Emphasis 
should be placed on the fact that there were no 
accompanying abdominal symptoms in more than 
half the cases in which thoracic manifestations 
existed. 

Left upper abdominal pain, tenderness, muscle 
spasm, and abdominal distention comprised an 
abdominal symptom complex which distinguished 
cases from the thoracic subphrenic group. This 
separate abdominal picture was present, however, 
only in a few cases. The site of most intense pain 
and tenderness proved to be important in reveal- 
ing the situation of the abscess. Combined ab- 
dominal and thoracic manifestations were observed 
in 31 per cent of the cases. In all, the lesion was 
extensive and advanced, suggesting that the com- 
bined picture is to be regarded as a late stage. 

In 7 instances of left subphrenic abscess abdom- 
inal tumefactions were palpated in the left upper 
quadrant. In 3, the masses were inflammatory; 
in 4, malignant. Gastrointestinal roentgeno- 
graphic studies revealed downward displacement 
of the colon and medial displacement of the stom 
ach in the neoplastic group. It is said that inden- 
tation without displacement characterizes the 
inflammatory group (4) but in at least one case in 
our series there was considerable displacement of 
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organs, especially the stomach, by an inflammatory 
lesion. 

Special consideration should be given to the 
neoplastic group in our series. All were retroperi- 
toneal malignant tumors with secondary infection. 
The clinical course of left subphrenic abscess in 
these cases differed from the septic state and 
acute history of the subphrenic abscess associated 
with a palpable inflammatory mass. There was a 
period of weakness, dull upper abdominal pain, 
a sensation of fullness, and partial colonic or 
gastric obstruction. Thoracic manifestations 
were minimal. The clinical picture was that of 
progressive asthenia with incidental fever. A 
hyperacute picture occurred 12 hours before oper- 
ation in one case in which there was perforation 
of the stomach due to direct invasion by the 
neoplasm. 

Referred shoulder pain is held universally to be 
a constant symptom of suppuration beneath the 
diaphragm. The supradiaphragmatic pleura, the 
central portions of the diaphragm, the subphrenic 
peritoneum, and possibly the superior surface of 
the liver are reported to be innervated by the 
sensory fibers of the same metamere as the shoul- 
der (23). Carter (4) stated that shoulder pain 
was more frequent in left than in right subphrenic 
abscess. Pronounced shoulder pain was present 
only in 6 of our cases. In each instance there was 
an abscess deep under the dome of the left dia- 
phragm. The latter was paretic in 3 patients, but 
freely mobile in the 3 others. 

An elevated, paralyzed diaphragm, rarely ab- 
sent in right subphrenic abscess, was demon- 
strable only in 18 of 30 cases (60 per cent) of left 
subphrenic abscess. The pathology of left sub- 
phrenic abscess accounts for the variable response 
of the left diaphragm. The surgical importance 
of an elevated left diaphragm warrants special 
consideration of this feature despite its inconstant 
occurrence. In the first place, paresis of the dia- 
phragm was usually noted before its elevation. 
Second, the rise of the diaphragm in left sub- 
phrenic abscess may be masked, in the customary 
posteroanterior film, by supradiaphragmatic 
effusion. It should be noted that lateral and 
oblique views may resolve difficulties in interpre- 
tation. Careful study of roentgenograms may offer 
the only basis for the correct diagnosis as well as 
for a precise surgical approach to a left subphrenic 


‘ abscess of the thoracic type. Varying degrees of 


pleural effusion so overshadowed the diaphragm 
in 7 instances that its position was completely 
masked despite repeated roentgenographs. In 
some cases it may be necessary to ascertain the 
relationship between stomach and diaphragm by 


the administration of medication producing gas 
in the stomach (Seidlitz powder, bicarbonate of 
soda). 

It has been assumed by some that large, left 
perirenal abscesses are accompanied by a raised 
diaphragm. Sixty-five perinephritic abscesses 
from the records of the Mount Sinai Hospital 
were studied in this connection. An elevated par- 
alyzed diaphragm was discovered in a single in- 
stance, a g year old child with an enormous 
suprarenal perinephritic abscess. It is of interest 
to note that elevation and paralysis of the dia- 
phragm were absent in this case until a late stage 
of supranephric extension of the abscess. 

As already indicated, a left subphrenic gas- 
containing abscess denoted a serious factor, 
namely perforation of a hollow viscus, or com- 
munication with the bronchial tree (possibly 
under rare circumstances the existence of gas- 
forming organisms). The fluid level, separate 
from the stomach bubble, was demonstrable 
roentgenologically in 3 patients. In connection 
with the significance of subdiaphragmatic gas is 
the fact that fluid levels often can be visualized in 
the subphrenic spaces for 2 weeks after laparo- 
tomy. 

DIAGNOSIS 

According to the features of left subphrenic 
abscess which we have described, it is evident that 
the diagnosis of suppuration beneath the left dia- 
phragm may be difficult or even impossible. Thus 
a significant febrile response referable to infection 
was absent in 31 per cent of our cases. Thoracic 
features were lacking in 25 per cent. Suggestive 
upper abdominal manifestations were wanting in 
56 per cent. A thoracicoabdominal symptom com- 
plex was lacking in two-thirds of the group. 
Shoulder pain was noted only in 6 cases. Paresis 
and elevation of the left diaphragm was visualized 
roentgenographically in only 60 per cent of all 
cases. In the light of these inconstant clinical and 
X-ray findings, exploratory aspiration of the left 
subphrenic space obviously assumes great impor- 
tance. There are two dangers associated with 
exploratory aspiration. One is that of pleural con- 
tamination and the other of delay in surgical 
exploration attendant upon negative aspiration. 
Pus was encountered on exploratory aspiration in 
14 of 17 cases which otherwise were puzzling as to 
diagnosis. Pleural contamination did not occur 
after aspiration in any of the cases. Aspiration 
was usually undertaken in the operating room, 
and the needle was left in situ as a guide for the 
surgical approach after pus was located. It is 
necessary to emphasize that negative aspiration 
does not negate pus. In 2 instances necropsy re- 
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vealed that an abscess was present but was medio- 
splenic under the central portion of the left dia- 
phragm and thus beyond the usual limits of an 
aspirating needle. The study of our cases has led 
us to conclude that exploratory aspiration is 
imperative in all cases with vague clinical and 
inconclusive features suggesting suppuration in 
the left subphrenic space. If a diagnosis and an 
exact localization can be established, aspiration 
should be regarded as merely confirmatory. 

A relatively early diagnosis was made in 18 
patients. Puzzling clinical manifestations in 3 pa- 
tients rendered impossible a diagnosis of suppura- 
tion beneath the left diaphragm until the terminal 
phase of the infection. Recognition of the lesion 
might conceivably have been possible in 7 undiag- 
nosed cases. An elevated diaphragm was noted in 
roentgenograms in 5 of these patients. Thoracico- 
abdominal manifestations were suggestive (in 
retrospect) in 2 other patients. 

Precision in the determination of the direction 
in which the abscess pointed (thoracic or abdom- 
inal) was possible in several cases. Localized 
tenderness was of value in defining the abdominal 
or the low thoracic variety. The particular shape 
and site of elevation of the diaphragm made pos- 
sible an individualized surgical procedure in the 
thoracic variety of abscess. In other words an 
accurate transthoracic approach in all cases of the 
thoracic form of left subphrenic abscess was made 
possible by careful roentgenological localization. 


PROGNOSIS, MORBIDITY AND MORTALITY 


Because of the etiology alone, the prognosis of a 
substantial proportion of all cases of left sub- 
phrenic abscess must of necessity be grave, and 
the mortality high. Difficulty of diagnosis and 
complicated ramifications of suppurative tracts 
are additional important factors in morbidity and 
mortality. In order to present a clear picture of 
the problem as encountered in our series (and pre- 
sumably as in other series), the cases were divided 
into 3 groups: (1) virtually hopeless group; (2) 
unfavorable group; (3) favorable group. 

The first group comprises 13 out of the 33 cases. 
Thus, there is an inevitable mortality of almost 50 
per cent for left subphrenic abscess. The cases 
consist of ulcerating malignant tumors, actinomy- 
cosis, septicemia from various sources, suppura- 
tive pylephlebitis, etc. Exception may be taken 
to the inclusion of 1 or 2 cases but the great 
majority, if not all, must be classified as hopeless 
from the viewpoint of cure of the subphrenic ab- 
scess. Indeed, the suppurative focus in the left 
subphrenic region can be regarded as of relatively 
minor importance in almost all these cases. 


The group termed unfavorable comprises 8 
cases. In 5 the subphrenic abscess was due to leak 
at a suture line following partial gastrectomy, or 
suture of a perforated ulcer. Of the 3 remaining 
cases, 2 might have been favorable for drainage 
but the patients entered the hospital in late 
phases of the infection. The third case was an 85 
year old man operated upon for vesical stone, in 
whom the autopsy revealed an unsuspected sub- 
phrenic abscess following an equally unsuspected 
perforation of the gall bladder. 

Thus, in 21 of the 33 cases on which this study 
is based, the prognosis was either hopeless or so 
nearly hopeless that recovery could not have been 
anticipated in most, if not all, regardless of correct 
diagnosis and the institution of correct therapy. 

The 11 remaining cases present features which 
justify their classification in a group with favor- 
able prognosis. In only 1 instance was there a 
question of a perforation of a gastric carcinoma. 
As compared with the previous group, there was 
but 1 case in which a subphrenic abscess followed 
subtotal gastrectomy and in this instance there 
was no leak from the suture line. An examination 
of the causes of death in this group is particularly 
instructive. The diagnosis of subphrenic abscess 
was not made during life in 3 of the 4 fatal cases. 
In 1, the subphrenic abscess followed splenectomy 
for thrombocytopenic purpura; the diagnosis was 
suspected but not established. The same was 
true of a second case. In the third case, the sub- 
phrenic abscess followed the suture of a perforated 
ulcer. During the postoperative course, a sub- 
hepatic abscess was drained through an abdominal 
incision, but the subphrenic component remained 
undrained. The fourth death was due to inanition 
following ileostomy, the subphrenic abscess hav- 
ing been adequately drained. Thus, the evidence 
points to the likelihood of recovery in the great 
preponderance of cases of left subphrenic abscess 
in the favorable prognosis group if the diagnosis is 
made. The réle of the surgical procedure in rela- 
tionship to recovery will be discussed under the 
next caption. 


RELATIONSHIP OF THE OPERA- 
TIVE PROCEDURE TO THE RESULT 


Regardless of the ultimately bad prognosis in 
many cases of left-sided subphrenic abscess, the 
immediate results of the operative procedures 
which were employed should be surveyed. First, 
the results of two stage transpleural transdia- 
phragmatic operations will be considered. The 
course between the two stages was usually charac- 
terized by increased toxemia, varying degrees of 
shock, and increase in abdominal and thoracic 
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manifestations. The separation of pleural adhe- 
sions at the second stage operation resulted in 
pleural contamination in almost all the cases. 
According to our study of the results of the two 
stage transpleural transdiaphragmatic operation 
this operation should not be employed for left 
subphrenic abscess. 

A transthoracic subpleural drainage was per- 
formed in 5 cases with satisfactory immediate 
results. In 2 additional cases the pleura was 
entered at the bottom of the costophrenic sinus, 
sutured, and traversed in a one stage drainage 
with satisfactory result. Thus, a subpleural ap- 
proach through the bed of or below the 12th rib 
was adequate for drainage in the cases in which it 
was employed. Emphasis should be placed on the 
fact that the operation was chosen only when the 
evidence indicated that the abscess could be 
directly approached at the level of the 12th rib. 
There can be added a case which properly belongs 
here, one in which a subphrenic abscess situated 
retroperitoneally was satisfactorily drained by a 
simple lumbar incision. 

A one stage transthoracic transpleural drainage 
of left subphrenic abscess of the thoracic type was 
performed in 9 cases with satisfactory immediate 
results in 8 cases. Empyema occurred postopera- 
tively in only 1 case in which the technic to be 
described was employed. As compared with the 
previous group emphasis should be placed here on 
the fact that the operation was chosen only when 
the evidence indicated that the abscess was point- 
ing thoracically. 

Drainage was found to have been inadequate in 
the few instances in which transperitoneal opera- 
tions for subphrenic abscess were employed, but 
conclusions cannot be drawn from this small 
series of cases. 

From the foregoing it is clear that there is a 
definite relationship of the operation to the imme- 
diate result regardless of the fact that the ultimate 
prognosis is poor in many cases of left subphrenic 
abscess. There are 2 satisfactory procedures and 
the choice should be based on the direction in 
which the abscess points. To follow slavishly 
either method regardless of the site of the abscess 
is illogical. Concerning the approach via the 
twelfth rib, attention should be called to the fact 
that the pleural space can be easily entered at this 
level unless it has been sealed off by inflammation. 
The danger lies not in traversing the open pleura, 
but in not recognizing free pleural entry or in 
ignoring slight pleural entry. As will be shown, the 
pleural space can be sealed off safely in a one stage 
operation but an inadvertent (or deliberate) entry 
not adequately shut off may (and probably will) 
result in a fulminating empyema. 


ONE STAGE TRANSPLEURAL TRANSDIAPHRAG- 
MATIC DRAINAGE OF LEFT SUBPHRENIC 
ABSCESS 


In view of the immediate good results of one 
stage transpleural operations in this series, partic- 
ular consideration should be given to technique. 
Although the principles apply with equal force to a 
right-sided subphrenic operation, the special fea- 
tures of the left-sided lesion make imperative a 
meticulous attention to details. Methods of 
transpleural drainage which have been described 
by Trendelenburg, Elsberg, Lockwood, and 
McWhorter, do not provide a sufficiently com- 
plete sealing of the free pleural space. In the 
following technique we wish to place special em- 
phasis on the double tier of sutures between 
diaphragm and thoracic parietes. The thoracic 
approach is made over the assumed site at which 
the abscess is nearest the thoracic parietes. This 
usually proves to be the 7th or 8th rib in the 
anterior or midaxillary region. A liberal section of 
the selected rib is subperiosteally excised. The 
pleural space usually situated immediately above 
the costophrenic sinus is traversed. If the space is 
free, the exposed diaphragm is drawn into the 
wound. The diaphragm is sutured securely by 
chromic gut to the musculature bordering the 
thoracic incision. The sutures are placed in an 
upper and lower row. By means of these sutures, 
the free pleural space is entirely shut off except at 
the anterior and posterior limits where the rib 
ends are situated. The next step is the incision of 
the diaphragm between the two rows of sutures. 
The diaphragm is incised and the cut margins are 
grasped and drawn up over the first tier of sutures. 
Particular pains are to be taken to shut off the 
exposed pleural surfaces at the cut ends of the rib 
at the anterior and posterior limits of the expo- 
sure. A second tier of sutures is now placed be- 
tween the cut margins of the diaphragm and the 
musculature of the thoracic parietes, thus approxi- 
mating the diaphragm to the chest wall over the 
first tier. When these sutures are tied, the rib ends 
are completely covered and the pleural space com- 
pletely shut off. If pus should escape at the time 
of the incision through the diaphragm, prompt 
drawing up of the margins of the incised dia- 
phragm suffices to prevent significant infection of 
the pleural space. Nevertheless, the suture line 
should be adequately covered by a ring of iodo- 
form gauze before proceding with the evacuation 
of the subphrenic abscess. The incision in the 
diaphragm should be fully adequate as a pathway 
for thorough visualization and drainage of all the 
infected areas. The operation can be regarded as 
complete only after a wide opening and tampon- 
ade of all collections of pus have been carried out. 
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SUMMARY 

1. The various organs bordering the left sub- 
phrenic space, and their mobility, render more 
complex the problem of diagnosis and treatment 
of left subphrenic abscess, as compared with 
the right. 

2. Left subphrenic infections only followed 
antecedent intra-abdominal infections in this 
series. The almost invariable pathway of spread 
into the subphrenic space was by direct extension. 
Lymphatic dissemination played scarcely any 
réle in infection of the left subphrenic space. 
Right-sided gastroduodenal perforation was an 
unexpected cause of left subphrenic abscess. 

3. Clinical manifestations of left subphrenic 
abscess, usually vague and sparse, often appeared 
relatively late in the course of disease. Indirect 
evidence of thoracicoabdominal manifestations 
were usually more significant than direct signs of 
a subphrenic abscess. A raised paretic left dia- 
phragm was conclusive evidence but was only 
occasionally present. Roentgenological studies of 
the diaphragm in special positions, particularly 
lateral and oblique positions, are of importance in 
revealing the position of the diaphragm as well as 
the presence of the subphrenic shadow of the 
inflammatory process or abscess. 

4. Exploratory aspiration is often imperative 
in order to establish the diagnosis. The study of 
the roentgenogram should be the chief guide to 
the site of aspiration. Special emphasis is placed 
upon the possibility of the existence of a sub- 
phrenic abscess despite repeated negative aspira- 
tions and upon the question of desirability of an 
exploratory operation under such circumstances. 

5. In the operative treatment of left sub- 
phrenic abscess, a subpleural approach is advo- 
cated for abscesses of the “abdominal” type. For 
“thoracic” type of subphrenic abscess transpleu- 
ral transdiaphragmatic approach is advocated. 

6. A two stage transpleural transdiaphragmatic 
operation was attended with poor results. A 
satisfactory one stage operation is described in 
which a double sealing of the free pleura by two 
tiers of diaphragmatic sutures is featured. 


7. The inclusion of right and left subphrenic 
abscess under the single caption of subphrenic 
abscess is not desirable because of the difference in 
etiology, pathogenesis, and mortality. Analysis of 
33 cases of left subphrenic abscess reveals an 
exceedingly high mortality, which is unavoidable 
in great part because of the irremediable causative 
lesions. 
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THE MANAGEMENT OF ABNORMAL, VAGINAL BLEEDING 


H. J. STANDER, M.D., F.A.C.S., C.T. JAVERT, M.D., and K. KUDER, M.D., 
New York, New York 


BNORMAL vaginal bleeding is a gyne- 
cological complaint frequently encoun- 
tered by the general practitioner. All 
age groups are represented, from before 

puberty, through the reproductive cycle, at the 
menopause, and in the postclimacteric period. 
The average physician often undertakes the 
management of such bleeding as an office proce- 
dure, and after a period of time often sends the 
patient to a hospital. Over 40 per cent of 8,216 
patients admitted to the gynecological service of 
the Woman’s Clinic of the New York Hospital 
had a history of abnormal vaginal bleeding, while 
in approximately half of these menorrhagia and 
metrorrhagia constituted the chief complaint. 
The actual loss of blood over long periods of time, 
the associated weakness and debility, the incon- 
venience to the patient of increased and continued 
flow, as well as the danger of an underlying malig- 
nancy, make such abnormal bleeding a most 
important problem. 

The causes of abnormal bleeding are numerous 
and have been given repeatedly in the literature. 
Included are myomas, polyps, ovarian tumors, 
cervical and vaginal erosions and tumors, car- 
cinoma, and the gestational states including 
ectopic pregnancy and abortion. 

The relative frequency of occurrence of the 
causes of bleeding varies markedly with the age 
groups. Shortly after birth, withdrawal of the 
maternal estrogens may cause vaginal bleeding 
in the offspring, while during the first decade of 
life ovarian tumors are the predominant cause, 
tumors of the pituitary, adrenal and pineal com- 
ing next in order of frequency. Only very rarely 
do we encounter malignancy of the genital tract 
in infancy and childhood. During the second 
decade, or period of sex development, endocrine 
imbalance assumes first importance, to be fol- 
lowed by inflammatory lesions, and occasionally 
by benign ovarian tumors. Myomas and malig- 
nant tumors are almost too rare to be mentioned 
in this age group. In the childbearing period, 
gestation, pelvic inflammatory disease, myomas, 
cysts of the ovary, endocrine disturbances and 
malignant growths of the genital tract, con- 
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stitute the order of incidence. In the fifth and 
sixth decades of life, menopausal bleeding and 
malignant growths are the outstanding causes. 
Carcinoma of the cervix is particularly prevalent 
in the fifth and carcinoma of the body of the 
uterus in the sixth decades. After the age of 
sixty, malignancy and benign polyps are the out- 
standing causes, with carcinoma of the cervix, 
corpus uteri or ovaries to be kept in mind. Gran- 
ulosa cell tumor of the ovary may precipitate 
bleeding, as do also atrophic vaginitis or inflam- 
mation. 

It is quite apparent, then, because of the 
variety of etiological factors, that in all cases of 
abnormal bleeding a thorough search for the 
cause must precede any and every attempt at 
treatment. With the development and growth of 
“endocrine clinics” in virtually all departments 
and specialties of medicine it has become more 
and more evident, during the past ten years, that 
this all important prerequisite of thorough exam- 
ination, including pelvic examination by a com- 
petent gynecologist, and whenever indicated 
vaginal smears, biopsy or curettage, is not fol- 
lowed. How often these days do we not see women 
who had had all types of indiscriminate “endo- 
crine therapy,” without a correct diagnosis of 
the cause of the bleeding? It is our opinion that 
before reliance is placed wholly on pregnandiol 
excretion values and the quantitative results for 
estrogen and pituitary hormone levels, organic 
causes of bleeding must be eliminated. Unfor- 
tunately, the urine and blood determinations for 
the various hormones are as yet not of sufficient 
practical value to indicate the proper treatment 
in the majority of cases. 

A careful history of the character and amount 
of bleeding; thorough pelvic examination, under 
anesthesia if necessary; visual inspection of the 
cervix, with biopsy if in the least suspicious; 
vaginal smears and examination of the endome- 
trium, by either biopsy or curettage, are our best 
means of establishing a diagnosis. By these 
methods, cervical and uterine polyps, chronic 
cervicitis and endometritis, myoma uteri, hyper- 
plasia of the endometrium, salpingitis, cysts and 
tumors of the ovary, and malignant disease of 
the cervix and corpus may be diagnosed. The 
treatment of each of these, with the possible ex- 
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TABLE I.—CAUSES OF VAGINAL BLEEDING IN 
GYNECOLOGIC PATIENTS SEPTEMBER I, 
1932 TO DECEMBER 31, 1940 


Number Per cent 


NE ite os. unslndmraarmwen 865 24.9 
0 SE eer eer rere 854 24.6 
Hyperplasia endometrium............. 534 15.3 
ye | re 344 9.9 
Cervicitis and erosion................. 221 6.4 
Polyp, cervical........ eb wetater 210 6.0 
Irregular shedding........ = is 135 3.8 
Adenomyoma.............. Sc Rial 102 2.9 
COPCINOMNS COVER... oe cea nvcninnes 75 2.2 
Carcinoma uterus............ — 72 2.0 
Endometritis............... ae 52 a 
ee 4 O.1I 
, See ... 3468 99.6 
Total number of patients............ 8,216 
Patients with bleeding.............. 3,468 42.2 


ception of endometrial hyperplasia, is fairly 
specific, although unfortunately not always 
curative. 

From Table I it will be seen that in only three- 
quarters of our gynecological patients with ab- 
normal vaginal bleeding was a definite diagnosis 
established, while in the remaining one-quarter, 
or 865 women, we were unable to determine the 
etiology of the bleeding. Of the known causes, 
myoma uteri accounted for the hemorrhage in 854 
women, or 24.6 per cent of the total series, while 
hyperplasia of the endometrium ranked next in 
order of frequency, being responsible for 15.3 per 
cent of the cases. 

The term “functional bleeding” has been used 
with greatly varying interpretations. It is our 
contention that this term should be limited to 
those cases in which no organic lesions, such as 
malignancy, myomas, polyps, or inflammation, 
are present. If used in this limited sense, “func- 
tional bleeding” would include the groups 
“cause undetermined,” “hyperplasia,” and “ir- 
regular shedding” in Table I, and thus account 
for 44 per cent of all the cases of abnormal bleed- 
ing. It may be advisable, as we gain more infor- 
mation, to limit even further the use of this term, 
and confine it to the group of “causes unknown.” 
In Table II we have included under “functional 
bleeding” hyperplasia and irregular shedding. 
In only slightly over one-third of these patients 
with functional bleeding, was hyperplasia of the 
endometrium found at operation, while irregular 
shedding of the endometrium accounted for less 
than 10 per cent. The diagnosis was undeter- 
mined in over half of these patients. 

The treatment of the gross pathological causes 
for bleeding will not be discussed in this paper. 


It must be stressed, however, that no treatment 
of abnormal vaginal bleeding should be under- 
taken unless and until a thorough investigation 
of the patient has been made, benign as well as 
malignant tumors ruled in or out, and a diagnosis, 
if possible, established. 

If the menorrhagia, metrorrhagia, or poly- 
menorrhea is disclosed by the history and physical 
examination, vaginal smears and endometrial 
biopsy may reveal a hyperestrin condition. 
Granting that organic causes are not present, 
dilatation and curettage will often effect a cure. 
It is, of course, essential that any thyroid de- 
ficiency, as shown by the basal metabolic rate, be 
corrected. This applies likewise to the body 
weight and anemia, in which cases proper dietary 
measures may be indicated. Should dilatation 
and curettage, often repeated, once or twice 
prove of no avail, endocrine therapy may be 
tried. It is seldom that radical treatment is 
instituted. 

From Table ITI it is noted that in 94.1 per cent 
of the patients with hyperplastic endometrium, 
the operative treatment was minor, i.e., a dilata- 
tion and curettage. In only 5.9 per cent of these 
patients was a major operation performed, and 
in most of these the hyperplasia was a secondary 
finding. This holds almost equally true for the 
patients who showed irregular shedding of the 
endometrium. In the majority, or 66.6 per cent, 
of our gynecological patients with abnormal 
bleeding, dilatation and curettage alone was per- 
formed. Furthermore, a striking comparison is 
seen between the organic and “functional” 
bleeding cases; minor operative procedures were 
performed in about half of the former and in 80 
per cent of the latter. 

Not infrequently, no gynecological pathology 
can be found to explain the bleeding. This 
occurs, as shown in Table I, in about 25 per cent 
of our patients. These cases usually have had 
hormonal substitution therapy, often without 
effect except perhaps a depletion of the patient’s 
finances. It should also be borne in mind that 
hypertension per se may be an accessory factor in 
abnormal uterine bleeding. It seems desirable to 
scrutinize certain known causes of bleeding else- 
where in the human body, i.e., skin purpura, 


TABLE II.—CAUSES OF ‘‘ FUNCTIONAL 


BLEEDING” 
Number Per cent 
IN oid os laa lure ¢ccxlac aialeene 865 56.3 
Hyperplasia endometrium............. 534 34.8 
re 135 8.8 


MG axtsiGarasinzenrnemcneee ests 1534 99.9 
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bleeding gums, and melena, and see if they can be 
used to explain certain cases of abnormal vaginal 
bleeding. 

The reason for such a departure from the con- 
ventional consideration of menorrhagia and metror- 
rhagia is represented by a small but important 
nucleus of 20 patients with uterine bleeding, rang- 
ing in age from 15 to 47 years of age. These pa- 
tients were investigated from the standpoint of 
deficiency in vitamins C and K. There is no 
doubt as to the relationship of these vitamins to 
the bleeding and clotting mechanism. Very little 
attention has been paid to vitamins in the litera- 
ture from the standpoint of uterine bleeding, 
probably because they have been overshadowed 
by the endocrines both theoretically and thera- 
peutically. 

Vitamin C and prothrombin determinations 
were performed on the 20 patients and the results 
are shown in Table IV. The average value for 
vitamin C was 0.43 milligrams, according to the 
Mindlin and Butler technique (normal value, 
.5-1.4 mgm.). The range varied from .oo to 1.1 
milligrams, with 70 per cent of the patients below 
the normal range of 0.5 to 1.2 milligrams. The 
few cases with normal values invariably had a 
low prothrombin concentration, and vice versa. 
The average prothrombin concentration in our 
20 patients was only 50 per cent of normal; it 
was below normal in 79 per cent. In these deter- 
minations we employed the Warner, Brinkhous, 
and Smith technique by which normal patients 
have a range of 70 to 100 per cent. The majority 
of our bleeding patients were below the normal 
range. 

What réle, if any, does a deficiency in vitamins 
C and K play either separately or jointly in pro- 
ducing abnormal vaginal bleeding in nonpregnant 
women? Knowledge of the state of the endome- 
trium is important, and every type of endome- 
trium was represented in the 20 patients as fol- 
lows: proliferative, 5; secretory, 7; hyperplasia, 6; 
and endometritis, 2. Several had associated 
pathology such as myomas or polyps. What is 
the basis for the bleeding in these patients with 
evidence of hypovitaminosis C and K? 

Giedosz and Rychlik report that scorbutic 
guinea pigs do not develop ovarian follicles. 


TABLE III.—TREATMENT OF “FUNCTIONAL 


BLEEDING” 
Operations Non- 
Major Minor operative 
Causes Percent Percent Per cent 
Undlotermined ........ 066.0 .0cses 14.6 69.9 15.3 
Hyperplasia endometrium...... 5-9 94.1 0.0 


Irregular shedding............. 11.9 88.1 0.0 
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TABLE IV.—INITIAL CURETTAGE AND SUBSE- 
QUENT TREATMENT AND COURSE IN 495 
PATIENTS WITH ‘‘ FUNCTIONAL BLEEDING”? 
























































Causes of Bleeding 
ees: 
ber Per 
Treatment or course Unde- |Hyper-|[rreg- of cent 
ter- |plasia} ular | cases 
mined shed- 
ding 
One curettage or more.......... 153 109 21 283 57.2 
Curettage and menopause....... 38 33 8 | 79 15.9 
Curettage and pregnancy........ 25 18 I 44 8.9 
Curettage and endocrine therapy 3 19 ° 22 4-4 
Curettage and radical therapy*...| 24 41 2 67 13.5 
WE sa sat owkt hb dash eneous | 243 220 32 405 90.9 





*Patients over 40 years of age. 


Deficiency in vitamin C makes those present 
undergo atresia. Normally, the corpus luteum 
contains large quantities of vitamin C according 
to both Ley and Vogt. Biskind and Glick ob- 
tained large quantities of vitamin C in the 
corporea lutea of cows and suggested that it was 
necessary for the formation of progesterone. 
Mendive and Deulofeu discovered large amounts 
in the hypophysis and thyroid gland. However, 
there is not sufficient evidence to justify the 
theory that deficiencies in vitamin C can alter 
the hypophyseal-thyroid-ovarian relationship and 
so indirectly account for functional bleeding. It 
may perhaps play a more direct réle on the spiral 
arteries of the endometrial glands allowing bleed- 
ing to take place much as bleeding gums, nose- 
bleeds, and skin bruising occur in patients with a 
deficiency in these vitamins. 

The réle of vitamin K in maintaining a satis- 
factory prothrombin concentration is now well 
established. The importance of prothrombin in 
the clotting mechanism needs no discussion. It 
is conceivable that the onset of bleeding pre- 
cipitated by a normal menstrual cycle might be 
prolonged or unusually heavy if an inadequate 
amount of prothrombin or vitamin C is not avail- . 
able. In this era of drug-counter eating, with a 
half hour for lunch, the nutrition of these women 
is certainly below par. Some of these patients 
also gave a history of using mineral oil and olive 
oil. Singleton employed dehydrated young 
grasses for its vitamin K content in the treat- 
ment of menorrhagia with satisfactory response. 
His experience together with our use of vitamins 
C and K seem to indicate that these vitamins 
have therapeutic value in this condition. 

The use of vitamins C and K was limited to 
the 20 patients referred to. Cevitamic acid, 100 
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TABLE V.—TYPES OF TREATMENT EMPLOYED 
IN 372 PATIENTS WITH ‘‘FUNCTIONAL 
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Patients cured as shown 
Total by follow-up period of 
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of cases 

Number Per cent 
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TEE SE eer 49 46 93.8 

Hysterectomy............. 13 13 100.0 
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milligrams daily orally, and 100 cubic centime- 
ters of orange juice were given until the vitamin 
C level in the blood was normal. Vitamin K was 
given hypodermically until a satisfactory pro- 
thrombin concentration was obtained, to be 
followed by oral administration of vitamin K. 
The follow-up results are as follows: Of 8 cases 
treated with vitamin C and K following curettage, 
6 were definitely improved, as shown by follow-up 
for 3 to 15 months. In 2 it is too early to deter- 
mine result. The beneficial value of the curettage 
alone is, of course, to be borne in mind. Of the 
untreated control cases, 5 improved following 
hysteromyomectomy or radium, 3 were not im- 
proved, and in 4 it is too early to state result. 

From these considerations, it would appear that 
an accurate and complete history, including die- 
tary habits, is of great importance. As stated, a 
careful pelvic examination is imperative in addi- 
tion to the general physical examination. Many 
practitioners hesitate to examine the female 
genitalia because of supposed consideration for 
the patient, while some postpone examination 
while vaginal bleeding is present. Such delay 
means further blood loss, and the possibility that 
the patiént may not return for examination. We 
have no hesitation in examining the bleeding 
patient on the first visit unless pregnancy is 
suspected. 

It has been our policy to admit bleeding pa- 
tients to the hospital for a diagnostic curettage 
regardless of age or underlying gynecological 
pathology before instituting medical treatment. 
An occasional patient with an obvious tumor is 
subjected to laparotomy without the preliminary 
curettage. However, the endometrium is scruti- 
nized in the operating room before the abdomen 
is closed. 

Many patients come to us from physicians 
after unsuccessful attempts to correct the bleed- 


ing with hormonal injections or even x-ray 
irradiation, without a preliminary curettage hav- 
ing been performed. Needless to say, many of 
these had a malignant neoplasm. Such practice 
cannot be condemned too strongly. 

In 1938 we studied 495 patients with functional 
bleeding. We have completed a follow-up study 
on these patients, and the types of treatment with 
results are presented. 

From Table IV it will be noted that every pa- 
tient had an initial curettage, primarily, of course, 
as part of the diagnostic procedures. Thereafter, 
a certain number (15.9 per cent) passed through 
an uneventful menopause; 8.9 per cent had sub- 
sequent pregnancy which was undoubtedly of 
assistance in effecting a “cure’’; endocrine ther- 
apy was given to 4.4. per cent, and 13.5 per cent 
(over 40 years of age) had radical treatment. 
The radical treatment consisted of the intra- 
cavitary administration of radium, or hysterec- 
tomy, or the use of x-rays. 

The follow-up results in 372 of the 495 patients 
are shown in Table V. It will be seen that 
curettage alone gave a “cure” rate of 71 per cent. 
The number of patients treated with hormones is 
too small to permit of any definite conclusion. 
The small percentage of our patients treated with 
endocrines is to be explained on the basis of the 
unsatisfactory results we obtained during the 
early years of the period studied, 1932 to 1938. 
In those days we relied primarily upon antuitrin-S 
and pregnancy urine extracts. It is only fair, 
therefore, to state that as the newer preparations 
(progesterone, stilbestrol, etc.) have appeared, 
an increasing number of patients with functional 
bleeding have received endocrine therapy. Since 
then, a sufficient period of time has not elapsed 
for a final evaluation of our end-results in en- 
docrine treatment. 

In Table VI is given the distribution of pa- 
tients receiving one, two, three, or more curet- 
tages. Of significance is the fact that a far smaller 
percentage of cures is effected after two, or even 
smaller after three or more curettages, as com- 
pared with the results after one curettage, 71 per 
cent. 

Hysterectomy is, indeed, radical treatment for 
abnormal vaginal bleeding of the functional type. 
It is necessary to stress the dangers, as well as 
the sequelae of such radical treatment, especially 
in the woman in her second or third decade of life. 


SUMMARY OF TREATMENT IN “FUNCTIONAL” 
BLEEDING 


Curettage. In the treatment of functional bleed- 
ing the first step is curettage. This is essential to 
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the diagnosis of the condition and is often fol- 
lowed by improvement, as shown in Tables V and 
VI. Reviewing 495 cases of functional bleeding 
which had occurred in our gynecological service 
during 6% years ending December 31, 1938, and 
followed up to March 1, 1942, we find that curet- 
tage alone resulted in cure or definite improve- 
ment in 71 per cent. Curettage plus other meth- 
ods of treatment gave improvement or cure in 
varying percentages, as outlined here. The other 
methods of treatment involve the use of thyroid, 
snake venom, hormone, and vitamin administra- 
tidn, radiation, and hysterectomy. 

Thyroid. There can be little doubt that a low 
basal rate is at times associated with uterine 
bleeding, due to the close interrelationship of the 
various endocrine glands, pituitary, thyroid, 
adrenals, and ovaries. It is, therefore, evident 
that any hypofunction of the thyroid gland should 
be corrected. 

Vitamins. There is little doubt in our minds 
that a deficiency in vitamins C and K plays a réle 
in the production of excessive uterine bleeding in 
certain patients, in whom all other causes of bleed- 
ing are absent. It may be that such a deficiency is 
at times operating in conjunction with a hormone 
imbalance. It is advisable, therefore, that in such 
cases, in which the usual endocrine therapy fails, 
the blood levels C and prothrombin be deter- 
mined. Should a definite deficiency be present, 
an adequate supply of C and K, in the form of 
cevitamic acid (100 mgm. daily), orange juice and 
synthetic K (from 5 to 50 mgm. orally or intra- 
muscularly) be administered to the patient. 

Snake venom. Snake venom acts upon the 
walls of the arterioles, decreasing or controlling 
bleeding in certain cases. Moccasin venom in 
1:3000 dilution is given subcutaneously daily in 


doses starting with % cubic centimeter and 


increasing slowly to 1 cubic centimeter. We have 
had many failures with this method, but do use 
it in certain cases in which other therapy fails. 
The results are varying, and do not permit a 
definite conclusion, although we may state that 
we have had improvement in some patients 
treated with snake venom, after previous failures 
with other types of therapy. 

Radiation. In our opinion, x-ray treatment 
should be used only in women beyond the child- 
bearing period and in whom other forms of ther- 
apy are of no avail. It is not our practice to 
attempt to regulate menstruation in girls or young 
women by radiation, because of the uncertainty 
of the relationship between dosage and result. 
On the other hand, Pemberton, as well as Keene 
and Payne, reported good results in young women 


TABLE VI.—ONE TO FOUR YEAR FOLLOW-UP 
RESULTS AFTER CURETTAGE ONLY IN 283 
PATIENTS WITH ‘‘ FUNCTIONAL BLEEDING” 
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with small dosages of radium, ranging from 200 
to 400 milligram hours. We have hesitated to 
resort to this form of treatment in women not 
close to, or at, the menopause. When we have 
used radiation, it has been confined to those past 
the childbearing period and in dosage sufficient 
to cause cessation of ovarian function, usually 
1500 milligram hours of intracavitary radium. 
As shown in Table V, bleeding recurred in 3 
patients receiving radium. If x-ray radiation is 
used for the production of permanent amenorrhea, 
the dosage is usually about 400 r through two 
portals, one suprapubic and one sacral. We have 
not resorted to radiation of the pituitary gland 
for the control of functional bleeding. 

Endocrine therapy. There is evidence to support 
the conclusion that a hyperestrin condition or a 
deficiency of progesterone is associated with cer- 
tain cases of functional bleeding, and thus there 
exists a rational basis for endocrine therapy in 
this condition. 

This type of therapy may be briefly grouped 
as follows: (1) anterior pituitary extract; (2) 
chorionic gonadotropic hormones obtained from 
pregnancy urine and pregnant mares’ serum; 
(3) sex hormones, the estrogens and progesterone; 
(4) androgens. 

Experience with anterior pituitary extracts is 
too limited to allow any concrete statement at the 
present time. A few authors, including Severing- 
haus, Mayer, and others, have reported short 
series of cases with encouraging results. Our own 
experience has been disappointing and at present 
we are not using these extracts. The same may 
be said for pregnancy urine, or antuitrin-S, or 
follutein. There is also doubt in our minds as to 
the efficacy of pregnant mares’ serum. 

The best results with endocrine therapy appear 
to have been obtained with the female sex hor- 
mones, estrogen, and progesterone. The natural 
estrogens (estrone, estriadol, estriol) and also 
the synthetic drug stilbestrol, and the corpus 
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luteum hormone progesterone, have been used in 
combinations by some, while others rely mainly 
on the latter. Estrogens, or stilbestrol alone, like- 
wise have been employed, as we believe, mis- 
guidedly. . 

The combined therapy consists of a course of 
estrogens followed by progesterone. The proce: 
dure, in general, is to start 6 or 7 days after the 
cessation of bleeding with 10,000 to 20,000 inter- 
national units (I. U.) of estrogen daily for a 
period of 2 weeks, after which progesterone 
(5 I.U.) is given daily for one week, or until 
bleeding occurs. This type of treatment, sup- 
portive in character, tends to bring about normal 
menstrual cycles and so control the excessive 
bleeding. It must be pointed out that the men- 
strual cycle is normally fairly irregular, and such 
cyclic endocrine therapy in many instances 
would be most inadvisable, except when one deals 
with excessive bleeding (functional) or marked 
menstrual irregularity which is associated with 
sterility. 

Several recent reports have appeared on the 
use of the nonhormonal drug stilbestrol in the 
control of functional bleeding. Palmer, in a study 
of 31 patients, advises 1 milligram of diethylstil- 
bestrol daily for 7 days, then 5 milligrams daily 
for 7 days, and then smaller amounts (0. 3 mgm.) 
daily for 10 days, or until bleeding starts. Some 
advise even larger doses of this drug given over 
longer periods. We have had no experience with 
stilbestrol in the treatment of functional bleed- 
ing. We are as yet not convinced that this form 
of therapy is devoid of all danger. 

We have relied more on progesterone treatment 
in these cases of estrogenic (anovulatory) bleed- 
ing. It is our practice to give 5 milligrams of 
progestin daily for several days before the ex- 
pected period. Some cases respond to this therapy. 

There does not appear to be sufficient evidence 
at the present time for the use of androgens in 
the treatment of functional bleeding in the 
young woman. It should be stated, however, 
that Geist and his coworkers report favorable 
results in a fairly large series of cases. The effects 
of the androgens are due to their stopping or 
overriding of ovarian function, and so the danger 
of virilization should be borne in mind. 


CONCLUSIONS 


1. A definite diagnosis as to the cause of 
uterine bleeding is essential to proper treatment. 
2.-A complete history, thorough physical 
examination (including pelvic examination and 
visualization of the cervix), vaginal smears, and 


endometrial biopsy or curettage are essential to 
accurate diagnosis. 

3. Vitamin C and K determinations may 
reveal marked deficiencies, which in certain cases 
of undetermined etiology may be responsible 
for the excessive bleeding. 

4. A basal metabolic rate determination may 
indicate hypothyroidism, which likewise may be 
linked with the etiology of the bleeding. 

5. Proper treatment must be directed to the 
cause of the bleeding, if that is established. Cer- 
vical erosions, polyps, myomas, genital malignant 
growths, and pelvic infection must be treated, if 
found to be the cause of the bleeding. 

6. If deficiency of thyroid secretion or of 
vitamins C and K is present, these must be cor- 
rected. 

7. In functional bleeding dependent upon hy- 
perestrin conditions, endocrine therapy, either 
complemental cyclic treatment (estrogens and 
progesterone) or progesterone is indicated. 

8. In the control of functional bleeding, radia- 
tion therapy should be reserved for the woman 
past the childbearing period (40 years of age). 

9. Hysterectomy should be our last resort in 
the treatment of functional bleeding and, like 
radiation, used only in the older group of women. 

10. It should be borne in mind that the men- 
strual cycle may be, normally, quite irregular and 
also that so-called “functional bleeding” may be 
self limited. 

11. The routine use of endocrine preparations 
for the control of uterine bleeding, without an 
accurate diagnosis as to the cause of the hemor- 
rhage, cannot be too strongly condemned. 
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ZINC PEROXIDE DRESSING FOR POSTOPERATIVE 
ANORECTAL WOUNDS 


CON AMORE V. BURT, M.D., F.A.C.S., and EDWIN J. PULASKI, M.D., 
New York, New York 


PERATIONS in the anal canal are 
often radical and leave large raw sur- 
faces. False union of these surfaces 
tends to produce a stenotic condition 

of the anal canal. Especially is this true when a 
radical operation is done for the removal of large 
internal hemorrhoids. Our purpose, therefore, is 
to employ a postoperative dressing which will pro- 
vide the maximum assistance in the management 
of these cases, particularly by reducing the local 
infection and the tendency to false union of the 
wound edges. 

The ideal postoperative packing for the canal 
ought to possess the following characteristics: It 
should not adhere to the raw surfaces; it should be 
easy to remove without causing oozing, bleeding, 
or pain due to its adherence to the raw surface; it 
should prevent the false union of the raw surfaces 
not only because of its presence but by the deposi- 
tion of solid particles, which will come away as the 
wound heals; it should not overdistend the anal 
canal; it should be astringent and, therefore, 
mildly hemostatic; and it should be antiseptic 
against the pathogens, especially the anaerobes. 

In an earlier publication, one of us (C.V.B.) de- 
scribed the ambulatory operative treatment of 194 
selected cases of chronic fissure, cryptitis, hyper- 
trophied papillae, simple uncomplicated fistulae of 
the anus, and single internal hemorrhoids operated 
upon under prolonged local anesthesia in oil 
(neothesol, etc.). The cases were analyzed with 
respect to reactions, complications, healing time 
and the number of dressings, and the follow-up 
results were presented. In the Vanderbilt Clinic, 
Presbyterian Hospital, we have operated upon 430 
of these patients, and the safety and efficacy of 
this type of anesthesia have been confirmed. 

The purpose of the present report is to analyze 
our results from the standpoint of the kinds of 
postoperative packing which has been used in 
these ambulatory cases and to evaluate the use 
of zinc peroxide for this purpose, based upon 
clinical experience. 

Three types of packing have been used: iodo- 
form, plain gauze and plain gauze soaked in a 
suspension of zinc peroxide in plain water or 
saline. 


Iodoform gauze was first used. Its only definite 
advantage is its deodorant property. Its dis- 
advantages are principally that it is irritating, it 
can cause superficial necrosis, it may cause pain, 
it produces an iodoform toxicity in some patients, 
it adheres firmly to the wound and often causes 
oozing and sometimes bleeding when it is re- 
moved. Furthermore, this gauze has no proved 
appreciable bactericidal action. Its use has been 
discontinued because of these undesirable charac- 
teristics. 

Plain gauze packing was then used, but it pro- 
duced, even in 24 hours, a malodorous condition 
which was unpleasant. Furthermore, its removal 
occasionally left an oozing, bleeding surface. Be- 
cause of these disadvantages, its use was dis- 
continued. 

Meleney in 1935, in an especially fine piece of 
work, established the value of zinc peroxide in the 
management of certain hitherto uncontrollable 
anaerobic and microaerophilic infections. At the 
same time he suggested its use in operations in- 
volving the rectum. Meleney states that zinc 
peroxide is not locally irritating to the tissues, or 
in any way toxic to the body as a whole, and that 
it may be safely used without any fear of toxic 
manifestations. 

Following a preliminary trial of zinc peroxide as 
a rectal packing, we were so impressed with its 
numerous advantages that we have instituted its 
use in all our rectal operations, both local and 
abdominoperineal. There is notably an absence of 
redness, swelling, or other inflammatory reaction, 
and healthy granulations appear at an earlier 
period with this than with any other dressing 
that we have used. 

The principal advantages of zinc peroxide 
packing are that it does not adhere to the raw 
surface, it is easy to remove, it does not become 
even slightly foul, it is bactericidal especially for 
the anaerobes, it is mildly astringent and hence 
helps to control oozing, it prevents false union not 
only by the presence of the packing itself, but 
subsequently by the deposit of solid particles of 
zinc peroxide over the raw surface. This causes it 
to look gray for 3 or 4 days, after which clean, 
bright red granulation tissue appears. Healing 
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seems to progress a little faster than with other 
types of packing. Even though vaseline gauze is 
placed over the packing, the zinc peroxide wick 
usually becomes hard, but this does not appear to 
be a disadvantage. 

Of the 430 ambulatory cases in which operation 
was done in the Vanderbilt Clinic, Presbyterian 
Hospital, under prolonged anesthesia in oil (neo- 
thesol, etc.), we are presenting 252 comparable 
cases, in which the 3 types of packing were used, 
and which were followed to 3 months beyond the 
healing time. 


TABLE I.—COMPARISON OF THREE TYPES OF 
PACKING IN 252 CASES 





Fissures and crypts Fistula 





Type of packing ; . 
No. of Healing No. of _ Healing 
cases |time(days)| cases time (days) 























Iodoform 41 46.8 6 51.6 
Plain 117 45.0 31 54.6 
Zinc peroxide 38 42.9 | 19 39.0 





It will be noted that the healing time is reduced 
in both groups of cases in which zinc peroxide 
packing was used. This reduction, however, is 
more marked in the operations for fistulas, in 
which the dissection was greater. Clinically we 
were even more impressed by the advantage which 
zinc peroxide packing possessed over other types. 
It is far superior to anything else we have used, 
particularly with reference to the ease with which 
it is removed and the lack of pain and oozing 
afterward. 

Since the number of comparable cases in which 
zinc peroxide was used is rather small, the statis- 
tical evidence of shortened healing time is not 
conclusive, but it does suggest that zinc peroxide 
used as a postoperative dressing in anorectal 
surgery is one more detail in surgical technique 
which may be of importance in further reducing 
the time of wound healing and increasing the 
comfort of the patient. 


TECHNIQUE 

Technique of application of zinc peroxide packing 
in all cases of anorectal operations whether done 
under local, spinal, or general anesthesia is as 
follows: 

The powder has been previously sterilized in a 
test tube, fitted with a cotton stopper. A suffi- 
cient quantity of this sterile zinc peroxide powder, 
usually 2 to 3 tablespoonsful, is placed in a small 
mixing basin. Sterile distilled water or normal 
saline is slowly poured into the powder, accom- 


panied by stirring, until a suspension is produced 
which is about the consistency of heavy cream 
(40 per cent). A piece of 1 inch plain packing, 12 to 
18 inches long, is soaked in this suspension and 
folded to a length of about 3 inches. With a plain 
forcep grasping the free end, the packing is in- 
serted through the anal canal without wadding up 
the end to form a bulbous extremity. It is so 
placed that it covers the entire raw surface and 
prevents any false adhesion of these surfaces. 
The packing molds itself into the anal canal and 
fills any cavities or crevices, but does not produce 
any discomfort, even if it becomes dried out and 
hard. Vaseline gauze placed over the packing and 
entire anal region at the end of the operation 
tends to prevent drying, which may cause some 
hardening of the pack. Then plain gauze, covered 
by adhesive straps to exert pressure and hold the 
dressing in place, is applied. 


POSTOPERATIVE CARE 


All packing material is usually removed at the 
end of 24 hours and rarely is replaced even in 
the case of fistulas. It may be left in place for 4 
or 5 days until granulations have formed—Mel- 
eney states that he usually leaves the packing in 
as long as it will stay up to 4 or 5 days to min- 
imize the activity of organisms which may come 
down from the rectum with the passing of gas or 
feces. Following the removal of the packing, hot 
sitz baths are instituted twice a day, mineral oil, 
¥ ounce, is administered twice a day, and a cath- 
artic is given on the night of the first postopera- 
tive day, followed the next morning by an enema 
if necessary. The hospitalized patients are dis- 
charged on the 3d to 5th postoperative day, usual- 
ly on the 4th. 

In abdominoperineal resections, the most satis- 
factory packing which we have used has been pre- 
pared by soaking a large abdominal laparotomy 
pad in a suspension of zinc peroxide powder in 
normal saline in the consistency of heavy cream 
(40 per cent). This pad is placed so that it lines 
the entire raw surface of the true pelvic cavity be- 
low the new peritoneal floor. The space within the 
zinc peroxide pad is then filled loosely with plain 
or iodoform gauze, which is partially removed on 
the 1st or 2nd postoperative day. By the sth day 
all the packing, including the zinc peroxide pad, 
is removed without any pain or oozing, since the 
zinc peroxide pad does not adhere to the raw sur- 
faces. A grayish white surface remains for 3 or 4 
days, due to the mechanical deposit of zinc perox- 
ide particles over the raw surfaces. In the course 
of 2 or 3 days more, this surface materially clears, 
healthy granulations appear, and healing pro- 
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ceeds perhaps more rapidly than following other 
types of packing. One great advantage of zinc 
peroxide packing, in general, is that it may be 
kept in place for days without producing a bad 
odor. 

Even though statistically, in a small number of 
cases, the healing time was not significantly altered 
by the use of zinc peroxide packing, clinically its 
many advantages as a rectal dressing suggest its 
wider field of usefulness. 


CONCLUSIONS 


1. Zinc peroxide packing does not produce any 
generalized or local toxic manifestations. 
2. Zinc peroxide packing is safe to use in all 


types of anorectal wounds, both local and ab- 
dominoperineal. 

3. Zinc peroxide packing does not adhere to 
the raw surfaces, and hence, is easy to remove, 
and does not produce oozing on its removal. 

4. Zinc peroxide packing is hemostatic and 
tends to reduce the postoperative capillary oozing. 

5. False union of the raw surfaces is prevented 
by the deposit of solid particles of zinc peroxide. 
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BASAL BODY TEMPERATURE IN DISORDERS OF OVARIAN 
FUNCTION AND PREGNANCY 


ALLAN PALMER, M.D., San Francisco, California 


N 1904 van de Velde reported that the basal 
body temperature of women of childbearing 
age exhibited rises and falls in a regular cy- 
clical manner corresponding to the men- 

strual cycle. In 1930 he wrote again on the sub- 
ject. He confirmed his earlier work and concluded 
that the sudden rise of the basal body temperature 
not only indicated activity of the corpus luteum 
but was actually caused by its function. He ob- 
served the temperature changes of one woman 
throughout the entire duration of pregnancy. Im- 
mediately after the onset of pregnancy, the exact 
date of which was known, the temperature rose 
rapidly and remained at a high level with no fur- 
ther cyclical fluctuations. During the last 2 
months the temperature gradually fell and began 
to assume a form suggestive of the cyclical fluctu- 
ations of the nonpregnant state. 

Upon examining the data presented in van de 
Velde’s monograph, Harvey and Crockett (1932) 
were of the opinion that the author had demon- 
strated: “‘(1) under normal circumstances the 
cycle is regular in its wave-like fluctuations; (2) 
with the menopause it ceases to appear, the curve 
becomes irregular and lacks its former marked 
excursion; (3) that under certain abnormal phy- 
siological conditions the cyclical fluctuations fail 
to appear; but (4) that their reappearance can be 
artificially induced by ‘ovarian tablet’ therapy; 
(5) the ovarian cycle is presumably related to the 
menstrual cycle, but (6) menstruation is not a 
necessary concomitant of ovulation (or rather, 
more precisely, of the temperature cycle).’’ These 
authors observed the morning oral temperatures 
of a 26 year old woman for 13 consecutive men- 
strual cycles and found that rhythmical wave- 
like fluctuations occurred coincidently with the 
events of each cycle. They constructed a com- 
posite curve by fusing the observed temperatures 
for the 13 cycles and in this manner determined 
that the cyclical fluctuations were real as well as 
apparent. 

Men, children, and women past the menopause 
do not exhibit cyclical fluctuations of the basal 
body temperature (Kleitman, 2, 3; and Zollmann- 


From the Department of Obstetrics and Gynecology, Univer- 
sity of California Medical School. 

This study was made possible by the Christine Breon Fund for 
Medical Research. 


Siebr, 14). Zollmann-Siebr (1940) also observed 
that during pregnancy the basal temperature is 
strikingly constant and that during the amenor- 
rhea associated with lactation, there were no 
cyclical variations. Just before the onset of the 
first menses after delivery, however, the tem- 
perature was found again to be biphasic in char- 
acter. The same author made use of the tem- 
perature curves to determine the length of the 
postmenstrual and premenstrual phases. He ob- 
served that the duration of the premenstrual 
phase was relatively independent of the length 
of the menstrual cycle, whereas the postmen- 
strual phase varied directly with the length of the 
menstrual cycle. . 

Rubenstein and Lindsley (1937) demonstrated 
a Statistically significant correlation between the 
fluctuations of the basal body temperatures and 
vaginal smears in 5 menstrual cycles observed in 
4 young adult women without pelvic abnormality. 
Rubenstein (1937) observed a constant relation 
between the lowest body temperatures of the 
month and the characteristic ovulative smear; 
and between the highest body temperatures and 
the characteristic premenstrual smear. He con- 
cluded that the temperature cycle was as trust- 
worthy an indicator of ovarian function as the 
vaginal ‘smear. Rubenstein (1939) made use of 
the basal body temperature curve for the detec- 
tion of ovulation in the investigation of sterility. 
Zuck (1938) in reporting basal body temperature 
studies for the detection of ovulation published 
the temperature curves recorded during the last 
menstrual cycle and onset of pregnancy in 20 
women. He observed that the temperature during 
pregnancy remained high as in the last part of the 
menstrual cycle and that the temperature could 
be used as a sign of pregnancy before other meth- 
ods of diagnosis were positive. He reported the 
observation that ovulation as well as menstrua- 
tion may occur after conception begins. His 
diagnosis of early pregnancy in the case in point 
was apparently made on the basis of breast 
tenderness and subsequent delivery date of fetus 
—since the basal body temperature curve in 
the patient observed fluctuated normally for a 
complete cycle after the diagnosis of pregnancy 
was made. 
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Fig. 1. Basal body temperatures recorded by 35 women during 130 normal menstrual cycles. Note biphasic character 
of each curve. The temperature is relatively low during the first half of the cycle and relatively high during the second 


half. The “thermal shift” occurs at midintermenstruum. 


Palmer, following the appearance of a paper 
by Mocquot and Moricard (1938) on the presence 
of glycogen in the endometrium as a test of action 
of progesterone, pointed out that in all cases in 
which biopsies of the endometrium were made 
before and after the “thermal shift” of the mid- 
intermenstrual portion of the basal body tem- 
perature curve of normally menstruating women, 
those performed before the shift showed no gly- 
cogen while those performed after the shift 
showed the presence of glycogen. 

Palmer and Devillers (5) studied the basal 
body temperatures in 75 women with gynecologi- 
cal complaints. From their series of abnormal 
individuals they were not able definitely to fix the 
date of ovulation by the temperature changes 
alone. They did conclude, however, that the 
period of maximum fecundity corresponded with 
the time of minimal temperature. They asso- 
ciated symptoms of ovulation (pain, hemorrhage, 
leucorrhea, mastalgia, etc.) with this period in 


the cycle. They were able to foretell quite ac- 
curately the date of subsequent menstruation in 
women with irregular menses and thereby avoided 
doing repeated endometrial biopsies in order to 
obtain a real premenstrual specimen. Palmer 
and Devillers (6) checked the thermal effects of 
sex hormones in women and observed that in 
ovariectomized women who ran a nonfluctuating 
basal body temperature curve the injection of 5 
milligrams of estradiol benzoate produced a de- 
crease in temperature lasting several days and 
that the injection of 1o milligrams of progesterone 
produced an increase in basal body temperature 
for 2 days. The injection of 10 milligrams tes- 
tosterone propionate produced a transient drop 
in temperature. 

Rubenstein (10) favored the combined use of 
basal body temperatures and vaginal smears as a 
technique for the study of functional sterility and 
claimed accuracy in detecting early pregnancy as 
great as with the use of the Friedman pregnancy 
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Fig. 2. Example of normally occurring menstrual cycles and normal basal body temperature curves during nine suc- 
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cessive cycles.! Note regularly occurring biphasic swing of temperature with a fall associated with menstruation, “‘ther- 
mal shift” during the midintermenstruum and a sustained rise during the second half of each cycle. 


test. The diagnosis of early pregnancy by tem- 
perature curves in 8 patients unaware of the 
existence of pregnancy because of menstrual flow 
was confirmed by the recovery of fetal mem- 
branes. 

Thus it has been established that the basal 
body temperature of regularly menstruating 
women fluctuates rhythmically and cyclically and 
that the rises and falls are actually brought about 
in some way by the activity of the two types of 
hormones (estrogens and progestogens) elaborated 
by the ovary. For the past 24 years we have 
made use of the basal body temperature in our 
gynecological endocrine clinic in cases of men- 
strual disorders and sterility. In Figure 1 are 
charted the individual basal body temperatures 
of 35 normally menstruating women recorded 
during 130 complete menstrual cycles. The 
curves have been grouped according to the length 
of the cycles. Although there are occasionally 
wide variations in an individual’s temperature 

1In the same individual. ; 


record, every curve on the chart exhibits a bi- 
phasic tendency. During the estrin phase of 
ovarian activity the temperature is relatively low 
and during the progestin phase it is relatively 
high. There is a fall in temperature associated 
with the onset of menstruation followed by a 
rise in temperature at approximately the mid- 
intermenstruum. The rising temperature section 
of the curve that normally occurs at midinter- 
menstruum will subsequently be referred to as 
the “thermal shift.” 

Figure 2 is a typical record of the basal body 
temperature of one individual recorded for 9 
consecutive normal menstrual cycles. Wide vari- 
ations in the temperature are not so numerous 
when the record is carefully kept for longer 
periods of time by the same individual. Emphasis 
must be laid on what constitutes a basal temper- 
ature record. The temperature should be taken 
at the same time each morning after a good night’s 
rest. It should be taken by rectum immediately 
upon awakening and before the patient gets out 
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Fig. 3. a, Composite temperature curve constructed from all the temperatures re- 
corded in Figure 1. The first day of each cycle coincides. Note the broad area covered 
on the graph by the rising temperature section of the curve. b, Same as a except that 
the last day of each cycle coincides. Note that the rising temperature section of the 
composite curve narrows down to a more uniform fitting of superimposed curves. 


of bed. It is recommended that the thermometer 
be shaken down the night before to avoid the 
exertion accompanying this activity in the 
morning. Wide variations in the basal tempera- 
ture have not been observed in patients who 
take their temperature according to instructions. 
Failure to comply with such instructions may be 
detected by the recording of abnormally high 
temperatures as well as extreme day to day vari- 
ations. 

The data were analyzed further by construct- 
ing a single composite curve for all the records 
in Figure 1 (Fig. 3a). Separate composite curves 
for each group of cycles were first plotted so that 
the first day of each cycle coincided regardless of 
the length of the cycles. It was observed that the 
area on the graph comprised of the rising tem- 
perature sections of the curves was broad and 


that good fitting of curves was not obtained by 
superimposing them in this manner. The sepa- 
rate composite curves were again plotted so that 
the last day of each cycle coincided regardless of 
the length of the cycles (Fig. 3b). Lining up the 
curves in this manner is justified by the following 
observation—and serves to confirm the finding 
reported by others—that the progestin phase of 
ovarian activity is relatively constant and inde- 
pendent of the length of the menstrual cycle. 
Note that the area on the graph covered by the 
rising temperature section of the curves becomes 
narrower and more uniform. There is good 
fitting of the composite curves when they are 
superimposed in this manner. The relative con- 
stancy in the length of the high temperature 
phase has been observed in longer menstrual 
cycles, 35-162 days, and confirmed by the finding 
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Fig. 4. Sterility in a patient with a bicornate uterus and 
tails of endometrial histology are described in text. 
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Fig. 5. Secondary amenorrhea due to persistent follicu- 
lar activity. Note persistently low anovulatory type of 
basal body temperature. 
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a constriction of the lower portion of the uterine canal. De- 
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BASAL BODY TEMPERATURE 


Fig. 6. Secondary amenorrhea of anterior pituitary 
origin. Note persistently normal basal body temperature 
without cyclica! fluctuations. 





Fig. 7. Onset of pregnancy during a prolonged intermenstrual interval in a patient with hirsutism whose menses 
occurred irregularly every 2 to 6 months. The diagnosis of pregnancy was confirmed by a positive Friedman test on the 


2oth day of pregnancy. 


of progestin reactions in endometrial specimens 
obtained during the phase of elevated tempera- 
ture and estrin reactions in specimens taken be- 
fore the temperature began to rise. We have 
observed no real exceptions to the correlation 
between basal body temperature records and 
endometrial findings. 


Figure 4 is the basal body temperature record 
of a sterility patient for 5 consecutive cycles. 
Endometrial specimens were taken on 3 occa- 
sions, as indicated in the figure, during the proges- 
tin phase. It was possible to sound this patient’s 
uterus for a depth of only 6 centimeters each time, 
and, since each specimen of tissue showed estrin 
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Fig. 8. Menorrhagia of puberty; uterine bleeding was profuse and occurred irregularly. The endometrium was char- 


acteristically hyperplastic and showed no evidence of secretory activity. The basal body temperature was persistently 
low with complete absence of evidence of ovulation and corpus luteum function. 
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Fig. 9. Inhibition of ovulation in a patient with regularly occurring menstrual cycles and normal basal body tempera- 
ture curve. Diethylstilbestrol was administered as shown. A gradual withdrawal of estrogen may not be expected to be 
followed by bleeding. The estrogen administered resulted in a prolongation of the intermenstrual interval to 54 days, the 
cycle terminating with ovulation and corpus luteum formation. 
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Fig. 10. Inhibition of ovulation in a patient with regularly occurring menstrual cycles and normal basal body tem- 
perature curve. In this experiment diethylstilbestrol was administered as shown in the figure beginning the 4th day of the 
cycle. The bleeding that occurred on July 27 was estrogen withdrawal in type. The ovarian cycle beginning on June 27 
and terminating in “ovulation and corpus luteum function was 52 days in length. 


activity only, it was suspected that the cavum _ 8 centimeters and either uterine horn to 10 cen- 
uteri had not actually been entered. A hystero-  timeters. A normal progestin phase endometrial 
salpingogram was obtained postmenstrually (Fig. specimen was obtained at this time. Thus the 
13). A marked narrowing of the uterine canal at basal body temperature gave evidence of corpus 
about 6 centimeters from the external cervical os luteum activity that was not apparent from 
and a bicornate uterus were observed in the x-ray specimens obtained from the lower portion of 
film. Following the procedure during the next _ the uterine canal. 

premenstrual phase the patient was anesthetized Figure 5 is the persistently low basal body 
and her uterine canal dilated. The mid portion temperature record of a patient with a secondary 
fo the uterus could then be sounded to a depth of amenorrhea of more than a year’s duration, 
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Fig. 11. Case of arrhenoblastoma; basal body temperature persistently low and anovulatory in type. Note that im- 


mediately following operation the basal body temperature became biphasic in type indicating cyclical ovarian activity. 


First menstruation occurred 28 days after operation. 
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Fig. 12. Basal body temperature and recurring menstrual cycles in a patient following the removal of an arrheno- 
blastoma. The temperature shows the normal biphasic type of curve characteristic of normal ovarian activity. Note 23 
day cycle from September 14 to October 6 inclusive, probably anovulatory. Onset of pregnancy was suspected from the 
prolonged sustained temperature rise when patient was seen on January 8. Suspicion of pregnancy confirmed by a posi- 


tive Friedman test on January 21. 


normal vaginal hydrogen-ion concentration (4.4) 
and fully developed secondary sexual characteris- 
tics. The diagnosis of amenorrhea due to persis- 
tent follicular activity was made on the basis of 
these observations and was confirmed by the 
finding of hyperplasia of the endometrium in the 
estrin phase. 

Contrasted with the preceding case, Figure 6 
is the basal body temperature record of a patient 


with a secondary amenorrhea of 6 years’ dura- 
tion. The patient was thin with practically no 
development of breasts or other secondary fe- 
male sexual characteristics. Her vaginal hydro- 
gen-ion concentration was 6.6 and the vaginal 
membrane was atrophic. The higher temperature 
without cyclical fluctuations indicated absence of 
ovarian activity, similar to the sort seen in 
menopausal women. The patient had never ex- 
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hibited menopausal symptoms, however, and 
accordingly the amenorrhea was attributed to 
primary pituitary rather than primary ovarian 
dysfunction. 

Figure 7 is a portion of the basal body tempera- 
ture record of a patient with hirsutism, menstrual 
cycles that varied in length from 1% to 6 months 
and sterility. The two cycles immediately pre- 
ceding the progestational cycle shown in the figure 
were 162 days and 42 days in length, respectively. 
Each of these 2 prolonged cycles was character- 
ized by a terminal sustained temperature rise of 
approximately 14 days. An endometrial speci- 
men taken 22 days before the end of the 162 day 
cycle showed estrin activity, and a specimen 
taken 6 days before the end of the 42 day cycle 
showed progestin activity. The patient was in- 
structed to observe her temperature record for 
evidence of her fertile period, as characterized by 
the thermal shift, at which time she should have 
intercourse on each of 3 or 4 consecutive days. 
Her temperature varied so irregularly that this 
effort was made several times. However, not 
until the advent of a sustained rise that occurred 
after December 27 did any signs or symptoms of 
pregnancy occur. The date of onset of pregnancy 
was arbitrarily set at December 27 and will be 
checked subsequently by dates of quickening and 
delivery. The diagnosis of pregnancy was con- 
firmed by a positive Friedman test when, from 
the basal body temperature record, the men- 
strual period was 6 days overdue. 

Figure 8 is the basal body temperature record 
of a patient of 15 years with menorrhagia of 
puberty. The irregularity of cycles, full female 
sexual development, persistently low tempera- 
ture, and high vaginal acidity (pH of 4.4) led to 
the diagnosis of hyperplasia of endometrium in 
the estrin phase. The diagnosis was confirmed at 
the time of a dilatation and curettage by the 
finding of “Swiss cheese” hyperplasia of the 
endometrium. 

Figure 9 is the basal body temperature record 
of a normally menstruating woman in whom 
ovulation and menstruation were delayed with 
diethylstilbestrol. The estrogen was administered 
as shown in the figure. A gradual withdrawal of 
estrogen was effected by first giving large daily 
doses of the drug for 2 weeks followed by a sub- 
threshold dose of o.1 milligram daily for 10 days. 
Thus a complete ovarian cycle of 54 days unin- 
terrupted by estrogen withdrawal bleeding was 
produced. The patient had never before had an 
intermenstrual interval of longer than 30 days. 

Figure 10 is the basal body temperature record 
of another normally menstruating woman in 
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Fig. 13. Hysterosalpingogram of patient whose tempera- 
ture is shown in Figure 4. Note bicornate uterus and con- 
striction of uterine canal at a point approximately 6 
centimeters from external cervical os. 


whom ovulation but not uterine bleeding was 
delayed with diethylstilbestrol. Contrasted to 
the previous case, a more abrupt withdrawal of 
estrogen was effected by using a larger daily dose 
of estrogen after the proliferative phase. A com- 
plete ovarian cycle of 52 days was thus produced 
interrupted by a phase of estrogen withdrawal 
bleeding after the 30th day of the cycle. The 
patient was not aware of any abnormality of 
ovarian function but merely felt that she had 
experienced two menstrual periods at intervals 
of 30 and 22 days, respectively. From the tem- 
perature record, however, it must be concluded 
that the bleeding that occurred after the 3oth 
day was anovulatory, that ovulation was tem- 
porarily inhibited, and that a complete ovarian 
cycle of 52 days was produced. 

Figure 11 is the basal body temperature record 
of a patient with amenorrhea of 15 months’ 
duration due to the presence of an arrhenoblas- 
toma. The temperature record for the last month 
prior to the removal of her tumor was persistently 
low and anovulatory in type. Immediately fol- 
lowing the removal of the tumor the temperature 
became biphasic indicating resumption of cyclical 
ovarian activity. The endometrium was ex- 
amined on two occasions before operation and 
was found to be atrophic. Figure 12 is a con- 
tinuation of the same patient’s temperature 
record through 7 successive menstrual cycles and 
the onset of pregnancy. The biphasic character 
of the curves persisted except in the short 23 day 
cycle beginning September 14. This was probably 
an anovulatory cycle but was not confirmed by 
examination of the premenstrual endometrium. 
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Fig. 14. The onset of pregnancy in 6 patients revealed by the basal body temperature curve. (1) F. L. L., case of 
sterility; onset of pregnancy occurred following tubal insufflation on July 18. (2) M. B., case of sterility; pregnancy sus- 
pected from basal body temperature curve and confirmed by positive Friedman test when menstrual period was 5 days 
overdue. (3) M. P., case of sterility; onset of pregnancy suspected from basal body temperature curve. A spontaneous 
abortion occurred with subsequent fall and resumption of biphasic tendency of temperature curve. (4) L. V. W., case of 
sterility; treated by the removal of an arrhenoblastoma; onset of pregnancy suspected from basal body temperature curve 
and confirmed by a positive Friedman test on January 21. (5) E. K. A., case of habitual abortion; onset of pregnancy 





Premenstrual endometrial specimens were taken 
however, on June 18 and again November 1 and 
were found to exhibit normal progestin reactions. 

Figure 14 is comprised of the temperature 
records of 6 normally menstruating women 
through the onset of pregnancy. The date of on- 
set of pregnancy has been arbitrarily recorded as 
the 15th day of the menstrual cycle during which 
the pregnancy occurred. In 3 of the patients 
(Nos. 2, 5, and 6) the diagnosis of pregnancy was 
confirmed by positive Friedman tests before the 
first missed menstrual period was a week overdue. 
In a fourth patient (No. 4) the Friedman test was 
positive when the first missed menstrual period 
was 344 weeks overdue. Pregnancy tests were 
not done in the 2 remaining patients, one of 
vhich (No. 3) aborted spontaneously at the 5th 
week of pregnancy. Her temperature record 
reveals the resumption of cyclical ovarian ac- 


tivity following the spontaneous abortion. Pa- 
tient No. 5 threatened to abort and had uterine 
cramps and profuse bleeding for 12 days when 
she was 4 weeks pregnant. Her temperature re- 
mained elevated, however, and she did not abort 
until she experienced a recurrence of the symp- 
toms of threatened abortion 1 month later. Just 
before the end of the 4 week interval between the 
1st and 2nd threat a positive Friedman test was 
obtained. This positive reaction was regarded as 
evidence that the first threat of abortion had 
passed and that the pregnancy has remained 
intact. The same information was obtainable 
from the sustained high level of the basal body 
temperature. 


SUMMARY AND CONCLUSIONS 


The subject of basal body temperature as it is 
affected by cyclical ovarian function has been 
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suspected from basal body temperature curve and confirmed by positive Friedman test when menstrual period was 6 


days overdue. 
inclusive. 


of the cyclical biphasic character of the basal body temperature curve. (6) 


A threat occurred as shown in the figure, associated with profuse bleeding and cramps, January 20 to 31, 
Abortion did not occur at this time; however, it did occur subsequently on February 25 followed by a return 


F. I. L., case of sterility; onset of pregnancy 


suspected from basal body temperature and confirmed by a positive Friedman test when menstrual period was 6 days 


overdue. 
progressed normally. 


briefly reviewed. The cyclical wave-like fluctua- 
tions in the basal body temperature of normally 
menstruating women are in some way due to the 
activity of the estrogens and progestogens ela- 
borated by the ovaries. The progestin phase of 
normal ovarian activity is relatively constant and 
averages 14 days in length regardless of the length 
of the menstrual cycle. The irregularity in the 
length of normal and abnormal menstrual cycles 
is attributed to irregularities in the duration of 
the estrin phase of ovarian activity. No excep- 
tions to the correlation between the two phases 
of basal body temperature and their respective 
phases of estrin and progestin endometrial ac- 
tivity have been observed. 

Information that is extremely helpful in the 
diagnosis of amenorrhea and menorrhagia has 
been obtained from basal body temperature 
records. 


A threat occurred on February 7 associated with cramps and 1 day of bleeding following which pregnancy 


The inhibition of ovulation and menstruation 
by the use of an estrogen has been demonstrated 
and analyzed by the basal body temperature 
record. 

Sterility apparently due to improper timing of 
coitus may be overcome if use is made of the 
basal body temperature record. 

The basal body temperature record of a patient 
before and after the removal of anarrhenoblastoma 
and during the onset of pregnancy has been 
recorded. 

The diagnosis of pregnancy may be made from 
a patient’s basal body temperature as early, if 
not earlier, than can be made from other signs, 
symptoms, or tests. 

The basal body temperature method of inves- 
tigating ovarian function is advocated as a pro- 
cedure within the reach of any intelligent patient 
equally as reliable in a qualitative way and far 
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A TECHNIQUE OF SKIN GRAFTING 


EDGAR J. POTH, Ph.D., M.D., Galveston, Texas 


ECAUSE of the large number of burns and 
the resulting scar contractions and de- 
formities which will occur during the com- 
ing years of worldwide conflagration, any 

procedure promising a simplification of, or an im- 
provement in, the technique of skin grafting 
should be a timely contribution. 

There are several ways of transplanting free 
skin. Fundamentally there is but one require- 
ment to get “takes” in the application of auto- 
grafts; this is that the graft be supplied with ade- 
quate nutrition before its cellular elements un- 
dergo death. As pointed out by Davis and Traut, 
an active degenerative process begins in the graft 
immediately after it is cut and continues until 
complete death of the excised tissue or until re- 
generative processes have supervened and the 
transplanted tissue has become established in its 
new site. To receive adequate nutrition, early 
vascularization of the transplant must be realized. 

Those factors which mitigate against early vas- 
cularization may be listed as: (1) an anatomically 
poor recipient bed, (2) faulty approximation of 
From the Department of Surgery, The Johns Hopkins University 
School of Medicine. 
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graft and recipient surface, (3) an improperly pre- 
pared graft, and (4) the presence of infection. 

By an anatomically poor or unsuitable recipient 
bed is meant an area which does not have suffi- 
cient blood supply whether due to deep fibrosis or 
to its being covered by necrotic tissue and slough. 
Another cause of an unsuitable bed is a granulat- 
ing surface which gives rise to excessive exudates. 
This complication is frequently due to foreign 
bodies, such as threads from gauze dressings, em- 
bedded in the granulations. Such a surface will 
not permanently support a graft. In such a case 
the granulations should be shaved off so as to re- 
move the underlying foreign material. The pres- 
ence or absence of such foreign material in the 
granulating beds might well have given rise to the 
two schools of thought, one strongly advocating 
the removal of granulations before applying a 
graft, and the other just as vigorously condemn- 
ing the practice. If there is no foreign material 
buried in otherwise healthy granulations, properly 
prepared and applied grafts will grow. All avas- 
cular scar tissue must be excised before grafting. 
The judicious use of the sulfonamides has largely 
eliminated the danger of septicemia following 
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Fig. 1. A schematic drawing of the skin to depict the nature of the blood supply; 
the rich anastomoses in the deeper portions of the true skin and the perpendicular 
branches extending from the anastomosing network through the more superficial corium. 
The indicated depths at which split skin grafts are cut explain why such success is en- 
countered when these grafts are used, because of the many blood vessels cut across and 
ready to receive the vascular buds of the host’s recipient bed. 
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Fig. 2. If the skin is not attached firmly to the edge of 
the defect, it is carefully tacked in place with buried su- 
tures. This procedure serves to stabilize the skin, prevent 
slippage of the graft, and reduce the size of the defect. 


the excision of tissue harboring pathogenic 
organisms. 





=: - - j 


Fig. 3. The defect is covered first with a sheet of cello- 
phane next to the wound, over this is placed a sheet of 
perforated cellophane, and the defect marked out with a 
dye stained swab. The nonperforated sheet of cellophane 
is discarded. It serves merely to protect the wound from 
discoloration by the marking dye. The outline of the de- 
fect on the pertorated cellophane is transferred to the back 
of an enamel pan. 
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Fig. 4. a, The outline of the defect on the perforated 
cellophane is transferred to the back of an enamel pan by 
tracing over the outline with a dye stained applicator. 
After removal of the sheet of perforated cellophane the ex 
cess of dye is removed to leave a faint outline of the defect 
and insufficient dye to stain the graft when it is applied to 
the surface of the pan. b, The outline of the defect on the 
pan is covered with graft by the use of as many pieces of 
skin as necessary to cover the outlined area with slight 
overlapping. The graft is placed with cut surface next to 
pan. Each piece of skin overlaps its neighbor slightly. 


Faulty approximation of graft and recipient 
surface may result from numerous causes. Poorly 
applied dressings which fail to apply sufficient 
pressure and allow slipping of the graft do not 
favor vascularization. The collection of air, se- 
rum, blood, and purulent exudates under a poorly 
drained graft will cause it to become elevated and 
prevent the ingrowth of vascular buds. 

Meticulous care should always be exercised to 
obtain the best possible graft for a desired pur- 
pose. The use of the thin graft originally described 
by Thiersch is seldom indicated. The split graft 
includes corium or true skin and is the best form 
of free skin graft. For all practical purposes it can 
be cut in three thicknesses—thin, medium, and 
thick. When the skin is split through different 
levels of the corium, the numerous perpendicular 
vessels in the corium are cut across and present an 
ideal surface for early vascularization. A thick 
split graft can be so cut that it will include prac- 
tically the full thickness of the skin and will serve 
essentially the same functions as the usual full 
thickness graft with the advantage that grafts of 
large area “take” readily. The deep layers of the 
dermis are rich in blood vessels forming an exten- 
sive anastomotic network. A full thickness or 
Wolfe-Krause graft should always be cut with a 
sharp knife and should be free of subcutaneous 
fascia and fat. Fat should never be trimmed 
away with scissors; the blades crush the tissues 
and traumatize the blood vessels in the corium. 

The presence of virulent organisms, especially 
the hemolytic streptococcus and pyocyaneus, will 
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Fig. 5. a, A single layer of gauze has been stretched over 
the back of the pan to cover the grafted outline of the de- 
fect. The gauze is attached to the graft with collodion. 
The collodion can be spread over the entire graft or merely 
placed around the outer edge of the graft and along the 
lines where the various pieces of skin overlap. b, After the 
collodion has been allowed to dry, the gauze and the at- 
tached graft are removed from the back of the pan. The 
overlapping skin is picked up and trimmed away to pre- 
vent rolling of any unattached edges of graft. 


defeat the object of the operation not only because 
of the direct action of the organisms on the cells 
of the grafts and because of the accumulation of 
excessive exudates between the surfaces, but also 
by causing the formation of thrombi in the small 
blood vessels bridging between the recipient bed 
and the vascular spaces in the graft. This process 
both inhibits the ingrowth of new vessels and in- 
terrupts the circulation in newly established chan- 
nels. In each instance the result is delayed vas- 
cularization of the parasitic graft, which fails to 
survive because of inadequate nutrition. 


THE MECHANISM OF A “TAKE” 


This technique is suitable for any type of free 
graft, be it Ollier-Thiersch, split, full thickness, 
or deep pinch graft. The split graft, however, is 
the most satisfactory and has an optimal chance 
for a “take.” A properly prepared split graft 
should cut transversely across the blood vessels in 
the corium (Fig. 1). It is a common observation 
that with deep pinch grafts the first substantial 
evidence of a take is cyanosis at the center of the 
graft. When partial necrosis and death of a deep 
pinch graft occur, the thin tapered periphery is 
the vulnerable portion of the graft. 

If a thick split graft is cut into pieces 1 or 2 cen- 
timeters square, as in the so called flagstone graft, 
these individual pieces will not have tapered 
edges. When these grafts “take,” the following 





Fig. 6. The graft attached to the gauze is transferred to 
the recipient, fitted to cover the defect, and held in place 
by attaching the excess gauze to the recipient’s skin sur- 
rounding the defect. The graft is “‘pie-crusted” with small 
incisions to establish adequate drainage. Ordinarily no su- 
tures are used to attach central portion of graft to defect, 


sequence of events occurs: The fresh graft will be 
blanched and appear “dead white.” After approx- 
imately 24 hours one can frequently see slender, 
bright red blood vessels tracing an irregular pat- 
tern across the entire surface of the graft. Fur- 
thermore, bleeding from the edge of the graft oc- 
curs frequently. Within next 12 to 24 hours the 
graft up to its very edge will have become cya- 
notic. This cyanosis is not limited to the center 
as in deep pinch grafts with thin tapered edges. 
During the following 3 to 7 days this cyanosis 
begins to disappear in a patchy, blotchy manner. 

As illustrated in Figure 1, it is seen that a split 
graft cuts transversely across the blood vessels in 
the corium. When these grafts are applied to a 
donor area the first step in revascularization occurs 
by the growth of vascular beds into the perpendi- 
cular vessels of the graft. As stated previously, 
the small bright red vessels seen on the surface of 
the split graft at the end of approximately 24 
hours result from the ingrowth of an occasional 
vascular bud and the wandering in of a limited 
number of red blood cells. The vessels appear red 
in color rather than cyanotic because the hemo- 
globin concentration in the vascular spaces is too 
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Fig. 7. a, Instead of covering the graft on the back of the 
pan with gauze and collodion as indicated in Figure 5, it is 
covered with sterile adhesive, removed from the pan, and 
cut into strips approximately 1 centimeter wide. These 
strips should be cut with the scissors, because the blades 
will press the cut edges of adhesive and graft firmly to- 
gether. b, The graft-bearing adhesive strips are applied to 
the recipient area by overlap of adhesive onto the adjoin- 
ing normal skin of the recipient. A space of 1 or 2 millime- 
ters between each strip allows for adequate drainage. Side- 
wise slipping of the strips is prevented by cross-strapping 
with narrow bands of adhesive. 





Fig. 8. To illustrate the technique of the so called flag- 
stone graft. A split skin graft of the desired thickness is 
placed cut surface down on the back of an enamel pan, cov- 
ered with a single layer of gauze and collodion as indicated 
in Figures 4 and 5. The gauze-faced graft is removed from 
the pan and cut into the desired size. Frequently these 
pieces of graft may be 2 centimeters wide and several centi- 
meters long. These individual grafts are applied to the 
recipient surface in much the same manner as pinch grafts. 
They may or may not be covered with a second layer of 
gauze as shown in this drawing. 
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Fig. 9. The inset, A, represents a bundle of several small 
sea sponges covered by a single layer of gauze to give the 
effect of a single sponge of sufficient size to cover a large 
area. A fairly coarse grade of sponge moistened with 25 
per cent glycerine in water will exert a pressure of approxi- 
mately 30 centimeters of water when a layer 10 centimeters 
thick is compressed to a 5 centimeter thickness. This 
amount of pressure appears optimal for maintaining good 
approximation and preventing the development of edema 
in the graft. B demonstrates the routine dressing used on 
free skin grafts: The surface of the graft may be dusted with 
a minimal quantity of sulfanilamide followed by a layer of 8 
thicknesses of gauze moistened with sterile glycerine. The 
gauze is cut to correspond to the outline of the grafted area 
and is applied one thickness at a time so as to obtain a 
smooth surface. This application is followed by 8 thick- 
nesses of dry gauze. The sea sponge, treated with a 25 per 
cent aqueous glycerine solution, is placed over this dressing 
to a depth of 10 centimeters and is held in place by a circu 
lar bandage or stockinette applied with sufficient tension to 
compress the sponge layer to half its original thickness. The 
entire dressing is further immobilized by being completely 
encased in adhesive, and the part is placed at complete 
physiological rest whenever possible. This dressing should 
be removed, ordinarily on the sth day. 


low to give the characteristic bluish color of anox- 
emia. As the process of revascularization pro- 
ceeds and vascular buds have grown into more 
vessels, both arteries and veins, the concentra- 
tion of hemoglobin increases to the point where 
cyanosis becomes evident. Anoxemia is present, 
because as yet no venous drainage has been estab- 
lished. In the course of the next 3 to 7 days ve- 
nous drainage is gradually established in various 
areas, resulting in a mottled clearing until finally 
venous drainage is established throughout the 
area of the graft. This sequence occurs through- 
out the entire surface of a split graft whereas only 
the center of a deep pinch graft with its tapered 
avascular peripheral zone is anatomically suitable 
to respond to this even revascularization. Also, 
when partial necrosis of a deep pinch graft occurs, 
the tapered avascular peripheral zone is affected. 
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Furthermore, it has been observed that a small 
split graft will “take” on subnormal soil while a 
small adjoining Ollier-Thiersch graft will fail. 

Davis and Traut demonstrated direct anasto- 
moses between the host blood vessels and the 
blood vessels in full thickness skin grafts after 22 
hours. Reichert (6, 7) demonstrated that the re- 
generation of small arteries across clean operative 
wounds had occurred by the end of the 2nd day, 
that veins and lymphatics had become anasto- 
mosed by the end of the 4th and the beginning of 
the 5th day, and that the process was physiologi- 
cally complete by the 8th postoperative day. 
These facts coincide very nicely with observations 
made on autografts of skin, the appearance of oc- 
casional small, bright red blood vessels at about 
24 hours, cyanosis in about 48 hours, and a mot- 
tled clearing of the cyanosis in 4 to 8 days. 

Davis and Traut believed that a graft was 
nourished first by the plasmatic circulation of 
Goldman; second, by direct anastomosis between 
the vessels in the graft and those of the grafted 
area; third, by the growth of capillaries of the 
grafted area into and along the degenerated ves- 
sels of the graft; and fourth, by the capillary up- 
growth from the grafted area penetrating the con- 
nective tissue of the graft. 

Surgeons of apparently equal skill disagree as 
to the maximum size of a full thickness graft 
which will survive. Many contend that there is 
an upper limit to size of full thickness grafts which 
will survive; a lesser number say that there is no 
upper limit. All agree that “takes” do not occur 
as frequently as with split grafts of equal area. 
The discrepancy of opinion here hinges on the 
preparation of the graft. The true full thickness 
graft includes the entire thickness of the corium. 
If any subcutaneous tissue is left on the raw sur- 
face and if the corium is not incised except at the 
periphery, very few blood vessels will be cut 
across because a relatively small number of vessels 
pass from the subcutaneous tissue to the skin. 
However, if all the subcutaneous tissue is re- 
moved with sharp knife dissection, multiple small 
incisions will be made in the corium, and small 
areas of the deeper layer of corium will be excised 
and numerous small vessels in the true skin will be 
opened to receive the vascular buds from the re- 
cipient surface. Failure to remove all subcutane- 
ous tissue explains why the center of small full 
thickness grafts is lost when the periphery takes. 
As emphasized by Garlock, a full thickness graft 
should be free of fat, should show white, and 
should be stippled with tiny depressions caused 
by the retraction of the minute ligaments of 
Cooper. 


TECHNIQUE OF APPLYING VARIOUS MODIFIED 
TYPES OF SPLIT SKIN GRAFTS 


A thin, medium, or thick split skin graft is cut 
by the techniques described by Blair and Brown, 
Padgett, and the author. If the proper thickness 
of a split skin graft is applied by one of the three 
following methods, this type of graft can be used 
in most all instances requiring free skin grafting. 

A clean, dry wound may be covered by a single 
large graft sewed in place or held in place with 
collodion as indicated in Figures 5 and 6. The 
fixation of a large graft with collodion has the 
advantage that it is more rapidly executed than 
sewing the graft in place. Since collodion does not 
adapt itself well to fixing a graft to an irregular 
surface, a graft should be sutured to such a sur- 
face. Sutures should be removed on the 5th day 
to avoid the development of small stitch abscesses. 

If the denuded surface is not considered suffi- 
ciently clean to accept a large graft, grafts in 
strips, backed with adhesive tape, may be applied. 
In this technique the design of the defect is out- 
lined on the bottom of a sterile enamel pan 
(Fig. 4). This area is covered with graft, raw side 
down. The graft is now covered with sterile ad- 
hesive which extends 2 or 3 inches beyond the 
graft. The adhesive and the affixed graft are cut 
with scissors into strips 1 inch wide (Fig. 7). The 
blades of the scissors press the cut edges of graft 
and adhesive firmly together. The skin edge is 
flush with the edge of the adhesive and there is no 
tendency for the edges to roll. These strips are 
applied to the recipient area with 2 to 3 millime- 
ters’ clearance between them. The ends of each 
strip are fixed to normal skin. To prevent their 
lateral displacement, the strips are held together 
with 1% inch adhesive strips at 3 centimeter in- 
tervals, at right angles and extending onto nor- 
mal skin at edge of defect. This arrangement 
will not slip, the graft edges will not roll, and 
good drainage is provided. Thus moderately dirty 
surfaces can be grafted early with serviceable skin. 

The immediate dressing is applied as follows: 
Eight thicknesses of ordinary gauze are moist- 
ened with sterile glycerine and over this a suffi- 
cient number of layers of dry gauze are applied to 
give an even bed. Sea sponge pressure is applied. 
Daily thereafter the dressing is carefully removed 
and the surface inspected for possible accumula- 
tions of fluid under the strips by pressing on the 
adhesive with a curved clamp and milking the 
surface toward the intervals between the strips. 
Such accumulations, although rarely encountered, 
are readily recognized and expressed. After the 
first day the dressing is altered somewhat. Four 
layers of gauze saturated with glycerine are ap- 
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plied directly over the adhesive strips and cov- 
ered with cellophane to retain the moisture. Over 
this dressing gauze is applied one thickness at a 
time until a sufficiently thick layer has been ap- 
plied to give an even, moderate pressure. Ordi- 
narily this dressing is changed daily. In 2 weeks 
the entire surface including the narrow intervals 
between the strips will be epithelialized. The 
adhesive strips can be separated from the under- 
lying grafts at any time. After 5 days a graft is 
usually quite firmly fixed to the recipient surface 
and little difficulty is experienced in removing the 
adhesive. In fact, the adhesive plaster has be- 
come so completely separated from the graft that 
the thin epidermal layer which is shed from free 
skin grafts will remain loosely attached to the 
graft when the adhesive is removed. 

In grafting clean, fresh wounds the strips may 
be applied without an intervening space. Such an 
area heals smoothly and the individual strips of 
graft are not conspicuous. 

In instances in which pinch grafts are indicated, 
a split skin graft can be cut, backed with adhesive 
tape or gauze and collodion (Figs. 5 and 7) to pre- 
vent curling of the skin, and cut into pieces of the 
required size. These portions of skin designated 
as “flagstone grafts” (Fig. 8) are applied directly 
to the donor surface. These grafts may be placed 
close together to give a permanent and serviceable 
skin; or they may be cut into very small pieces 
and placed at much wider intervals to act as cen- 
ters of epithelization; this latter procedure serves 
to provide a temporary covering of thin epithe- 
lium as is occasionally required in extensive burns 
when sufficient skin is not immediately available 
to cover the large granulating surfaces. The after- 
care is the same as for pinch grafts. 


GLYCERINE AS A DRESSING MATERIAL FOR FREE 
SKIN GRAFTS 

Sterile glycerine makes an excellent dressing for 
all types of free skin grafts since the hygroscopic 
properties of glycerine prevent maceration of the 
graft, and since it inhibits the growth of bacteria 
and prevents the accumulation of fluid under the 
graft. Pure glycerine can be used directly on the 
skin for long periods without evidence of irrita- 
tion. When glycerine was first considered as a 
dressing for free skin grafts, it was expected that 
100 per cent glycerine would be too desiccating 
but it was found to be entirely satisfactory. 

The following technique is employed when 
dressing grafts applied to clean areas. A layer of 
about 8 thicknesses of ordinary surgical gauze 


moistened with glycerine is applied directly to the 
graft. This gauze is covered with a layer of an 
additional, equal quantity of dry surgical gauze 
over which sea sponges are applied to give a mod- 
erate, uniform pressure. The whole is held in place 
with massive dressings and immobilized by the 
liberal use of adhesive tape (Fig. 9). The dressing 
should be changed as often as indicated if infec- 
tion is present. By the use of this dressing mate- 
rial successful free grafting can be performed un- 
der circumstances in which failure ordinarily 
results. 
SEA SPONGE PRESSURE 

The economical, light colored, household sea 
sponge applied over a graft gives the moderate 
pressure required to keep the graft in close appo- 
sition with the recipient bed without interfering 
with the circulation only so long as the sponge is 
moist. In ordinary practice the sponge is mois- 
tened with physiologically normal sodium chlo- 
ride. This sponge soon becomes dry and hard and 
no longer acts to give the desired pressure. If the 
sponge is moistened with a 25 per cent glycerine 
solution, however, it will retain its resilience and 
exert uniform moderate pressure indefinitely 
(Fig. 9). If a 25 per cent aqueous glycerine solu- 
tion is not available, the commercial S. T. 37 solu- 
tion (hexyl-resorcinol) may be used, because this 
solution contains approximately 25 per cent of 
glycerine. Sponges treated in this manner are 
useful whenever prolonged uniform sponge pres- 
sure is desired. 

SUMMARY 

1. The mechanism of “takes” of free skin 
grafts is discussed. 

2. A new technique for fixing large split grafts 
to the recipient bed is suggested. 

3. A method of applying grafts in strips faced 
with adhesive tape is presented. 

4. The “flagstone graft”’ is described. 

5. The use of glycerine as a dressing for grafts 
is given. 

6. A treatment of the ordinary sea sponge to 
ensure a uniform, moderate pressure is described. 
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ESSENTIAL POINTS IN THE OPERATIVE TECHNIQUE 
OF GASTRECTOMY 


JOSEPH L. De COURCY, M.D., F.A.C.S., Cincinnati, Ohio 


ASTRECTOMY is rapidly becoming 
the most widely employed operation for 
ulcers of the stomach and duodenum 
and is definitely pre-eminent in the 

treatment of operable cancers. Certainly, no one 
will deny that gastrectomy, whether partial or 
total, is the greatest favor which the surgeon can 
confer upon an individual, who, otherwise quite 
healthy, suffers from carcinoma of the stomach. 

Unfortunately, far too many patients arrive at 
our hospitals with malignant gastric growths that 
are too extensive to be benefited even by total 
gastrectomy. All too often, this fatal tardiness, 
this ghastly delay, is caused by fear of the sur- 
geon’s knife. Yet this is the one humane instru- 
ment, which, if it cannot always cure, can at least 
palliate. 

In a sense, we surgeons have been in part re- 
sponsible for this fatal procrastination. The mor- 
tality rate after gastric resection, particularly 
total gastrectomy necessitated by cancer, has 
been far too high. Too many people, of their own 
knowledge, are aware of deaths at or soon follow- 
ing operations for cancer of the stomach. 

Of course, we cannot force people to take peri- 
odic medical examinations to the end that the 
cancers will be caught in their early stages; but 
we can, at least, take advantage of every diag- 
nostic aid at our disposal to help us segregate the 
operable from the inoperable cases. 

The situation -is perhaps not so bad in the case 
of gastrectomies to remove gastric or duodenal 
ulcers. Such patients, unrelieved of the symp- 
toms by other therapeutic measures, not only are 
more amenable to the idea of undergoing surgery 
but also do not view an ulcer operation with the 
fear they hold for a cancer operation. Moreover, 
we know now, and the consensus will bear me out, 
that subtotal gastrectomy is the operation of 
choice for gastric ulcers, other methods having 
failed to give comparable complete relief or pre- 
vent recurrence of ulceration (Abell). Nonethe- 
less, even with the advantages of this procedure 
and the good results obtained, there are those 
who have hesitated to employ it for reasons other 
than the difficulties of the technique. 

Undoubtedly, the chief deterrent to gastrec- 
tomy has been the high mortality rate when this 
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type of surgery has been undertaken by general 
surgeons who have had infrequent opportunities 
to perform such operations. Until very recently, 
the same could be said even of the work done by 
so called “stomach surgeons.”’ 

In my opinion, the dangers of this situation 
were quite clearly indicated by Lahey, who, in a 
discussion on subtotal gastric resection, stated: 
“T have repeatedly said that there is no surgical] 
procedure with which I have had anything to do 
which has been more difficult to standardize and 
in which it has been more difficult to bring the 
mortality rate down to within reasonable limits 
than that of subtotal gastrectomy. I think one 
of the things one should realize is that the price in 
mortality is too high in this operation for it to be 
done as hernial repairs or other more simple surgi- 
cal procedures are done. It should be put in the 
hands of a limited number of men, and I do not 
mean just three or four in the country, but in 
communities someone should be given enough 
experience with this operation to become so expert 
with it that the nrortality can be kept within rea- 
sonable limits within that community.”’ 

Only by experience, by constant improvements 
in technique, can the mortality of gastrectomy be 
lowered. Although improvements and skill have 
definitely tended to bring about a lower mortality 
ratio during recent years, the rate is still far too 
high. 

Quite recently, Abell, in a review on gastrec- 
tomy, pointed out that, for the country at large, 
the death rate in subtotal gastrectomies approxi- 
mates 8 or 10 per cent, proving that it is still a 
serious operation and one not to be undertaken 
too lightly. In the case of partial or subtotal gas- 
trectomy for cancer of the stomach, he estimated 
the average mortality to be approximately 10 per 
cent. He believed that the ultimate results in 
operable groups compared favorably with those 
obtained in cancers situated elsewhere, when the 
criterion of operability is fairly considered. 

The mortality in cases of total gastrectomy for 
carcinoma of the stomach is much higher. Abell 
estimates that the death rate in the reported cases 
has averaged 40 per cent. However, he believes 
that the difficulties of executing the total gastrec- 
tomy operation, its high mortality and the fact 
that life subsequent to it is relatively short com- 
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bine to give this technique only a restricted piace 
in the treatment of gastric cancer. 


HOW SAFETY OF GASTRECTOMY HAS BEEN 
IMPROVED 


As pointed out in a previous communication 
(2), it has been possible greatly to reduce the mor- 
tality rate in surgery for extensive cancer of the 
stomach by employing the two stage operation for 
gastric resection. With the two stage operation, 
patients of advanced age, though feeble, have had 
an excellent chance of recovery and pulmonary 
complications have geen absent. Doubtful cases 
are also benefited by this two stage procedure. 

Constant effort has been made to improve the 
technique and yet to maintain the essential con- 
servatism so necessary in gastric surgery (3). 
With these improvements in technqiue, the mor- 
tality rate in our clinic has been lowered to the 
extent that gastrectomy is considered to be a 
comparatively safe operation. 

Some of the danger areas in the operation will 
be discussed as well as improvements in technique 
devised to eliminate the dangers. A description 
of the technique including the special features of 
the operation as we have developed them follows. 

Extensive discussion of the pre-operative prep- 
aration in these cases is unnecessary, because this 
is now an established procedure which can be 
found described in many excellent communica- 
tions. It is needless to point out that the opera- 
tion is seldom one of emergency and that, when- 
ever possible, the patient should be confined to 
the hospital before the operation as long’ as is 
necessary, not only to permit more thorough ex- 
amination but also to build up strength, resist- 
ance, and a proper psychological attitude. If the 
patient is anemic, the blood values should be 
brought to as nearly normal as possible by the 
administration of iron and liver preparations. 
Vitamin levels, particularly of vitamins B, C, and 
K, should also be maintained, and it may be 
necessary to give supplemental vitamin therapy. 

The important point in the technique is that 
the stomach should be empty and clean before the 
operation. If obstruction is present, gastric suc- 
tion and irrigation should be used for several days. 
Of course, during this time it is necessary to give 
ample fluids by the intravenous or subcutaneous 
method. If obstruction is not complete, liquids 
only are given for 24 hours before operation and 
nothing is given by mouth after 11:00 o’clock of 
the night preceding the operation. 

The anesthetic to be used is a matter of choice 
that lies between the surgeon and his anesthetist. 
It might be stated, however, that the tide is turn- 


ing away from the newer anesthetics and going 
back to gas-ether anesthesia; in my opinion this 
trend is all for the best, especially in general sur- 
gical procedures. 

Spinal anesthesia, intravenous anesthesia, or 
rectal anesthesia, with preliminary basal anesthe- 
sia, may at times place the patient in a very pre- 
carious position because of their inflexibility. Al- 
though we have access to all of these anesthetics 
and very efficient anesthetists at hand to ad- 
minister them, we still prefer the flexibility of 
gas-ether anesthesia. In our hands at least, the 
results have been every bit as good as those ob- 
tained with other anesthetics. 

At the onset of the operation itself, we usually 
make a long right rectus incision about ™% inch 
outside the median line, which extends well be- 
low the umbilicus. In some long bellied individu- 
als, we sometimes make a midline incision. Good 
exposure is a distinct advantage. After exposure, 
we usually infiltrate the rectus muscles with a 
small amount of procaine, which seems to give 
better relaxation. A self-retaining retractor is used. 

Of course, exploration should be made to de- 
termine the operability and to note the extent of 
metastasis (if carcinoma), the degree of involve- 
ment, adhesions, other pathological conditions 
present, and so on. 


TECHNIQUE OF GASTRECTOMY 


The omentum with the transverse colon is 
brought outside the abdominal cavity and laid 
upon a warm, moist sponge. The ligament of 
Treitz is located and the jejunum is gently 
clamped with a smooth sponge forceps so that it 
will be at hand when needed for anastomosis. 

Dissection of the gastrocolic omentum is started 
well up on the stomach. This is the first dangerous 
area in our technique. The division throughout 
the omentum must be made very slowly and care- 
fully, so as not to open the transverse mesocolon 
or to jeopardize the middle colic artery. If this 
accidentally occurs, it would necessitate resection 
of the colon. The division is carried up to the 
desired point of resection on the greater curvature 
and then the gastrohepatic omentum is similarly 
divided on the lesser curvature. 

The next step, and this is the second point of 
importance in this description, is the division of 
the gastric vessels. The vessels should be gently 
stripped from the stomach wall with a closed 
hemostat for a distance of 1 inch before being 
divided. This allows of sufficient room to place 
the stomach clamps without the interference of 
the adjoining omentum and, after division of the 
stomach, permits of perfect coaptation at the 
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Fig. 1. Stripping of blood vessels with closed hemostat, 
prior to division. 


angles. This last is very important to avoid leak- 
age. At this point, in order to cause a collapse of 
the stomach, it is well to insert a suction trocar 
into the stomach so as to remove any air or secre- 
tion present. This is a very important step. 

Two large Payr’s clamps are now applied to the 
stomach and the incision is made between the two 
clamps with a knife or cautery. In applying the 
upper clamp, it is advisable to leave at least one- 
quarter of an inch between it and the tied artery 
previously mentioned. 

After division of the stomach, a warm moist 
sponge is placed over the proximal end. The dis- 
tal end is similarly covered and is held by the sec- 
ond assistant. The remaining dissection of the 
gastrocolic and gastrohepatic omentum is made 
from above down as previously described (3). 
This is the third important step. 

Removal of the area to be excised from above 
downward, beginning at the upper or proximal 
portion of the stomach, permits of visualization 
throughout the remainder of the operation. This 
ability to visualize the entire operative field and 
even the area beyond it is a decided advantage, 
not only because one is less likely to injure the 
pancreas but also because there is less tendency 
to encounter troublesome hemorrhage in cases in 
which posterior adhesions have formed. 

A careful dissection is then continued as far 
down on the duodenum as desired. However, 
one should be quite careful in stripping the pan- 
creas from the duodenum. This can usually be 





Fig. 2. Use of suction trocar in order to deflate the 
stomach. 


done with a small moist swab, aided by occasional 
sharp dissection. 

Again, when tying the duodenal arteries, it is 
advisable that one-quarter of an inch should re- 
main between the tie and the intended location of 
the small Payr’s clamp to facilitate invagination. 
It is also imperative to strip the duodenum clean 
so that the suturing will bring peritoneum to peri- 
toneum. This is the fourth essential step. 

The closure of the duodenum is a very impor- 
tant step, but if done correctly is very easily 
accomplished. Two small Payr’s clamps are ap- 
plied, a quarter of an inch of clean duodenum 
being left below the distal clamp. Again, division 
is made with a knife or cautery. A linen Lembert 
suture is applied on the clamp and drawn tight as 
the clamp is removed. Another Lembert suture 
is then applied over this and the stump is then 
covered with nearby omentum, which is sutured 
to the duodenum with two or three interrupted 
catgut sutures. All clamps are then tied and re- 
moved and careful inspection is made to assure 
thorough hemostasis. 

The jejunum is brought up and held alongside 
the stomach with two Allis clamps. It is raised to 
a position anterior to colon (anterior anastomosis). 

This procedure is just as efficient as the pos- 
terior anastomosis and I believe its adoption has 
done more to lower the mortality of stomach re- 
sections than has any other step in our technique. 
I am convinced of its worth, because I have used 
anterior anastomosis in all of my cases during the 
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Fig. 3. Dissection of stomach from above downward; 
division of posterior adhesions. 


past 3 years. Previous to its adoption, I never felt 
satisfied with the posterior anastomosis. Certain- 
ly it was satisfactory in many cases, especially 
when little of the stomach was removed. How- 
ever, with our present knowledge of the stomach 
secretions necessitating a high stomach resection 
in ulcer, I believe the adoption of anterior anas- 
tomosis should be general. If it is generally ac- 
cepted, we shall see a marked drop in gastrectomy 
mortality all over the country. 

A continuous Lembert suture is then applied to 
join the peritoneum of the stomach to the peri- 
toneum of the jejunum below the Payr’s clamp. 

Two Allis clamps are now applied to the stom- 
ach proximal to the clamps and the Payr’s clamp 
is removed. As this is removed, a suction tube is 
inserted into the stomach, which is held together 
by the crushed tissues remaining after the clamp 
is removed. This is an added precaution to make 
sure that the stomach isempty. The necrotic ma- 
terial remaining after removal of the clamp is 
excised with a scissors and the stomach is held 
open and inspected. A continuous suture of No. 1 
catgut now closes the stomach and jejunum, care 
previously being taken to tie all bleeding vessels. 
This is a fifth important factor. An interlocking 
stitch, returning with a Connell suture, is used. 
The linen Lembert suture is then brought back, 
completing the closure. 

These sutures are easily applied if two details 
are borne in mind: First, the peritoneum of the 
stomach must be stripped clean of all overlying 
tissue. Second, sufficient space must be left at the 
angles to permit of accurate closing as described. 





Fig. 4. Stomach held up ready for division of duode- 


num. 


The angles are now inspected and reinforced 
with several interrupted linen sutures. The distal 
jejunum is then stretched out and, with a few 
interrupted catgut sutures, is anchored to the 
ligament of the liver to prevent angulation. 

This operation should not exceed 1% hours. 
Speed, however, should not be permitted to inter- 
fere with accurate and painstaking surgery. There 
is usually no shock. In a recent series of 5 cases 
of operation for ulcer, no transfusions were 
needed. However, materials for making immedi- 
ate transfusions should always be available. If a 
good anesthetic has been given, the patient will 
react before leaving the operating table. 


POSTOPERATIVE CARE 


An important part of postoperative care re- 
quires that nothing be given by mouth for 48 
hours after surgery. A low Fowler position is 
advisable. Five per cent glucose in saline, intra- 
venously, is started immediately. On the basis 
of our clinical observations, we feel that 2,000 
cubic centimeters daily is sufficient. I am con- 
vinced that fluids in excess of this amount are 
sometimes harmful. Theoretically 4,000 to 5,000 
cubic centimeters might be required, but certainly 
this much fluid is not clinically indicated in all 
cases. Of course, this is a matter for individual 
judgment and many factors, such as age, debility, 
degree of dehydration, and the like should be 
taken into consideration before larger amounts of 
fluids are given intravenously. However, we are 
all coming to the conclusion that, if a patient 
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voids 1000 cubic centimeters daily, he is getting 
sufficient fluids. 

After 48 hours, water is given by mouth in 
small amounts. Seventy-two hours after opera- 
tion the patient may be fed small quantities of tea 
and broth. It is most essential that care should 
be taken to avoid dilatation of the remainder of 
the stomach. If dilatation should occur, it must 
be relieved by the careful insertion of a Wangen- 
steen tube. However, this complication has not 
appeared in our practice since we started doing 
the anterior anastomosis. 

Lung complications should be guarded against, 
but it should be remembered that we have excel- 
lent allies to combat pneumonia in the form of 
the sulfonamide drugs. We have also found that 
a “self-helper” (a rod placed across the head of 
the patient’s bed) is very useful. Encouraging 
the patient to pull himself up and take deep 
breaths does much to prevent hypostatic compli- 
cations. I am convinced that removal of the 
stomach from above downward has done much to 
lessen postoperative pulmonary complications. 
Once this technique is mastered, it is surprising 
how few are the complications encountered. 

However, in the case of patients who have 
undergone gastrectomy, the task of the surgeon 
does not end with the operation and the institu- 
tion of adequate postoperative care. Depending 
upon the amount of stomach tissue removed, the 
surgeon should institute a regimen which the pa- 
tient must follow if he is to enjoy and conserve his 
restored health. The amount and type of food 
and the frequency of ingestion should be clearly 
explained; physical restrictions, when necessary, 
should be imposed; and the importance of a 
healthy mental attitude should be stressed. 

The recent studies reported by Ivy have an 
important bearing on this post-hospital regimen. 
His experimental studies indicated that, although 
in a strict sense the stomach is not an essential 
organ, its removal reduces the factor of safety 
and places a strain on the motor, digestive, and 
absorptive activities of the alimentary tube. 
“Proper nutritional care,’ he states, “‘is indis- 
pensable in maintaining health in animals without 
a stomach and very probably in men and women 
similarly handicapped.” In Ivy’s opinion, sub- 
total gastrectomy handicaps the patient only to 
the extent that it reduces the factor of safety in 
digestion and absorption. The extent to which 
acid is secreted after operation depends on the 
amount of acid-secreting mucosa removed and the 
degree of hypertrophy of the remaining portion. 





Fig. 5. Finished operation. Anterior—anterocolic— 
anastomosis. 


These rather encouraging findings do not, how- 
ever, in any way eliminate the necessity for con- 
servatism, skill, and good technique in gastrec- 
tomy. Rather, they stress the need for the insti- 
tution of a specific nutritional regimen to meet the 
requirements of each patient individually. 


SUMMARY 


1. The mortality following gastrectomy, while 
reduced to some extent, is still too high when the 
average for the whole country is considered. This, 
we believe, is due to lack of experience and a 
failure to realize the several dangerous factors in 
the requisite technique. 

2. We have presented the technique which in 
our hands has reduced mortality to the point 
where we consider gastrectomy a comparatively 
safe operation with remarkably few postopera- 
tive complications. We have attempted to stress 
the danger points of gastrectomies and have indi- 
cated means to avoid or overcome them. In our 
opinion the employment of anterior anastomosis 
is a major contributing factor in successful gas- 
trectomy. 

3. The importance of instituting a regimen for 
each individual patient who has undergone 
gastrectomy has been indicated. 
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HYPERMOTILITY OF THE UPPER LIP 


GEORGE M. DORRANCE, M.D., F.A.C.S 


., and PAUL E. LOUDENSLAGER, M.D., 


Philadelphia, Pennsylvania 


E designate a certain deformity 
hypermotility of the upper lip be- 
cause in repose the maxillary in- 
cisors and canines are not covered by 
the lip and in smiling or laughing, the individual 
will expose not only the upper teeth but the 
alveolar ridge above the teeth (Figs. 1 and 2). 
Hypermotility occurs in some individuals with 
short lips and is often associated with a hooked 
nose. In such a combination, overactivity of the 
elevator muscles of the lip rolls the lip upward 
against the nostrils so that correction of the nasal 
hook alone does not improve the appearance of 
the patient because the lip deformity remains. 
Frequently, there are also prominent and pro- 
truding upper teeth, a protraction of the maxillary 
incisors and alveolar processes constituting a 
moderate degree of maxillary prognathism. 
Hypermotility of the upper lip then is a very 
common abnormality. It creates an unpleasant 
impression; changing otherwise attractive indi- 
viduals into decidedly homely ones. In spite of 
its prevalence, I have never heard any better ad- 
vice given for its correction than the instructions 
to pull the lip downward and massage it as often 
as possible every day. 
As I have indicated, the chief factors in the de- 
formity are a shortening and overactivity of the 





Fig. 1. Left, Face in repose, incisors and canines exposed. 
Fig. 2. Face smiling—not only teeth but alveolar ridge 
is exposed. 


muscles which elevate the upper lip. The etiologi- 
cal factors are obscure. The short lip is often a 
family characteristic. Whether of congenital, post- 
natal, metabolic or functional origin, the position 
of the teeth and dental arches are determined by 
a myriad of forces acting upon them. 

Our knowledge at the present time is inade- 
quate to discuss prevention. Orthodontia should 
correct protraction of the teeth and bad occlusion. 

The operative procedure which we are advo- 
cating is a division of the muscles which elevate 
the upper lip. These are the levator labii supe- 
rioris, the levator labii superioris alae que nasi, 
the levator anguli oris, the zygomaticus minor, 
and the vertical muscles between the upper lip 
and the nose. 

The operative steps are best shown in Figures 
3, 4, and 5. 

Local anesthesia may be used but general anes- 
thesia facilitates the procedure. The incision in 
the labiodental fold extends from canine to canine 
tooth and down to the bone from the surface of 
the maxilla. All tissues are separated with a perios- 
teal separator beneath the nostrils up to the side 
of the nose as high as the infraorbital ridge and as 
far laterally as the zygoma. A right angle knife is 
inserted at the outer limits of these elevated 
tissues and, with its point turned toward the 
skin, the muscles are divided to and part way up 
the side of the nose; then it is curved around the 
ala of the nose, to beyond the midline where it 
meets the incision from the other cheek. It must 
first be emphasized here that separation of the 
tissue from the surface of the maxilla and section 
of the muscles at right angles to the skin must be 
carefully performed. The necessity of this will be 
seen in study on the muscles of the cadaver. One 
can easily cut between the muscles without 
dividing them and if this is done, the operation 
will not be successful. 

There is free bleeding and it is usually necessary 
to pack the wound and leave the packing in for 
3 to 4 days. No suturing is necessary and an ice 
bag is applied after operation. The upper lip 
will be heavy and edematous and the discolora 
tions caused by subcutaneous blood will require 
about 2 weeks to clear up. 

The incisions just described sacrifice branches 
of the facial and infraorbital nerves. Interrup- 
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Fig. 3. Fig. 4. Fig. 5. 


Fig. 3. The line of incision in the labiodental fold. 
Fig. 4. The method of elevating the tissues from the 
maxilla. 


tion of the facial branches is desirable, inasmuch 
as it increases the permanence of the immobiliza- 
tion of the severed muscles. 

Section of the infraorbital branches causes some 
postoperative anesthesia. This is not permanent 
and normal sensation takes place within 2 to 3 
months. 


Fig. 5. The following muscles are divided: levator labii 
superioris, levator labii superioris alae que nasi and muscles 
below the nose. 


I have been amazed at the havoc which this 
common deformity plays upon the morale of 
those afflicted and I have been equally amazed by 
the satisfaction obtained by the operation out- 
lined. 

The pictures describe better the method of 
operation than any words we can use. 











A TECHNIQUE FOR TRANSPLANTING THE ULNAR NERVE 


Professor J. R. LEARMONTH, M.B., F.R.C.S. (Edin.), Edinburgh, Scotland 


RANSPLANTATION of the ulnar 
nerve may be required in three sets of 
circumstances: (1) to help to overcome 
gaps in the nerve before suture; (2) for 
the relief of ulnar neuritis following old fractures 
of the external condyle of the humerus, in which 
cubitus valgus is a sequel (‘‘tardy ulnar palsy’’); 
and (3) for the relief of the ulnar neuritis which 
may appear in late middle life in those who have a 





Fig. 1. 





Fig. 2. 


Fig. 1. Transparency showing (dotted lines) the most 
common arrangement of the cutaneous nerves in the area of 
operation, and (continuous line) the incision which is cal- 
culated to avoid the majority of them. An incision convex 
anteriorly, while leaving a scar more free from subsequent 
pressure, almost inevitably divides cutaneous twigs, and 
this may be followed by most annoying paresthesia along 
the medial aspect of the forearm. 


mild degree of congenital hyperextension of the 
elbow, with mild cubitus valgus. It is frequently 
employed for war wounds involving the ulnar 
nerve; and tardy ulnar palsy may appear in 
recruits who are required to reach a high standard 
of physical fitness. 

Though the technique to be described was first 
used because of loss of muscle tissue at the origin 
of the flexor-pronator group of muscles, it has been 








Fig. 4. 


Fig. 2. The incision is made down to the deep fascia. Its 
lateral lip is raised to expose the flexor-pronator origin. In 
the flap so formed may be seen the reliefs of branches of the 
medial cutaneous nerve of the forearm. 

Fig. 3. The ulnar nerve is isolated proximal to the medial 
epicondyle, and gently raised on a tape moistened with 
physiologic saline solution. The vessels which accompany 
the nerve are preserved as far as possible; any branches 
which must be divided are tied with 10/o catgut. 

Fig. 4. The aponeurotic roof of the ulnar groove is di- 
vided, either by a scalpel on a director, or by narrow bladed 
scissors introduced on the flat, as far from the nerve as 
possible. 
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used in subsequent cases in which transplantation 
of the nerve has been required, because it places 





the nerve in an intermuscular interval, where 
nerves normally run. 





Fig. 5. Fig. 6. Fig. 7. 


Fig. 5. The ulnar nerve is dissected between the two 
heads of the flexor carpi ulnaris. The branches of the nerve 
to the joint, and to the ulnar head of flexor carpi ulnaris, 
are identified and freed. The operator separates these 
nerve bundles from the trunk of the ulnar nerve by means 
of sharp dissection. 





Fig. 8. (Semidiagrammatic). The flexor-pronator mus- 
cles are turned distally, thus exposing the median nerve, 
and the leash of branches from it innervating this group. 





Fig. 10. The flexor-pronator muscles are reattached to 
their origin by means of mattress sutures of either silk or 
linen. 


Fig. 6. The branches of the nerve have been freed. It is 
often necessary to sacrifice a branch to the elbow joint (seen 
isolated by a hook). 

Fig. 7. The flexor-pronator origin is divided from medial 
to lateral borders, beginning at the cleft between the two 
heads of flexor carpi ulnaris. 





Fig. 9. The ulnar nerve is laid beside the median nerve. 
The medial intermuscular septum is carefully and cleanly 
removed. 


© Shepley ” 


Fig. 11. The gap between the two heads of flexor carpi 


ulnaris is closed by a continuous catgut suture, which also 
acts as a hemostatic suture. 











A STUDY OF TENDON IMPLANTATIONS INTO BONE 


GRAHAM A. KERNWEIN, M.D., Chicago, Illinois 


TRICT adherence to certain fundamental 
principles is essential to successful tendon 
transplants. Experience has demonstrated 
that firm anchorage is best obtained when 

a tendon is implanted into a hole drilled through a 
bone. The trauma of the drill creates conditions 
locally in the bone which closely simulate those 
present in a fracture, except that the supporting 
function is not reduced. Hemorrhage is present 
with organization of the clot by fibroblasts and 
the formation of osteoblasts which in turn form a 
bony wall about the transplant. The resulting 
firm anchorage is due to the gradual ossification 
and incorporation of the tendon in the bone which 
occurs in two ways: (1) by replacement by invad- 
ing osteoblasts which form bone; and (2) by meta- 
plasia (3). Ossification of the transplant is most 
marked in the cortical area and is only minimal in 
the medullary region. Although firm anchorage 
usually follows these implantations, Gallie has 
reported failures in human beings and in experi- 
mental animals. 

Opinions differ as to the time required for firm 
anchorage. Mayer states that when a tendon is 
anchored properly, mechanical and physiological 
fixation overlap and early functioning of the ten- 
don is a safe procedure. Studies of wound healing, 
however, do not lend credence to Mayer’s state- 


From the Division of Surgery, Northwestern University. 





Ss. 

| uve : 
Fig. 1. Bone sand, A, interposed among the avascular 

shredded strands of transplanted tendon, B. The bony 

spicules are devoid of cells, resorption of the necrotic bone 

sand by the surrounding tissue is seen, C. There is no new 

bone formation. 45. 


ment. Howes, Sooy, and Harvey found a lag 
period of 4 to 6 days between the initial injury and 
beginning diminution in the surface area of the 
wound, followed by a period of fibroplasia and a 
coincident rapid rise in tensile strength from the 
6th to roth days. Mason and Allen, in a study of 
healing sutured tendons, found a lag period during 
which the tensile strength of the union showed an 
initial drop below that of sutured fresh tendon. 
Their best results were obtained with immobiliza- 
tion for 2 weeks followed by 4 weeks of restricted 
activity. 

The foregoing experimental work concerned 
soft tissues. In the attachment of bone to tendon, 
the maturation of the fibrous tissues into bone 
introduces a hitherto unstudied factor. The 
following studies were made to establish the time 
factors of the lag, fibroplasia and maturation 
periods of the attachment of tendon to bone. 

The tendon of the extensor carpi radialis longus 
muscle was transplanted bilaterally into the radius 
satisfactorily in 38 of 52 dogs. In the first of 2 
groups, the tendon sheath was left intact and a 
small drill-hole made so that the tendon fit snugly; 
a larger drill-hole was made in the other leg 
(Table I). In the second group, the portion of the 
tendon implanted in the bony tunnel was stripped 
of its sheath, its component fibers were separated, 
and bone sand from the drill-hole was interposed 
among the strands. One limb operated upon was 
immobilized in a cast (Table II). The animals 
were sacrificed at intervals of 1 to 173 days and 
the tensile strength of the union between the bone 
and tendon measured. These measurements were 
compared with the tensile strength of the mechan- 
ical fixation only, and of the normal extensor carpi 
radialis longus attachment to bone. 

The tensile strength was measured on a machine 
designed by Mason. It was difficult to find a 
method whereby the tendon could be held securely 
yet not be cut by the apparatus and thus reduce 
its tensile strength. The musculotendinous junc- 
tion in 12 dogs separated with a pull of from 27 to 
38 pounds. In no instance did the tendon sepa- 
rate from its insertion into the bone, though on 4 
occasions the pull exceeded 50 pounds. In 6 dogs 
the extensor carpi radialis longus tendon was 
transplanted through the radius and secured and 
the tensile strength tested immediately. The ten- 
sile strength of the mechanical fixation was 6, 9, 
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KERNWEIN: TENDON IMPLANTATIONS TO BONE 


16, 14, 13, and 13 pounds. It was deduced, there- 
fore, that mechanical fixation alone had an initial 
tensile strength of 6 to 16 pounds and that normal 


! physiological fixation of tendon to bone was 
| greater than the tensile strength of the musculo- 


tendinous junction, which varied from 27 to 40 
pounds. The curve of tensile strength, therefore, 
begins somewhere between 6 to 16 pounds and 
progresses to 27 pounds (Fig. 2). 

With few exceptions, the tensile strength of 
attachment of tendon to bone for comparable 
periods of time in the 18 dogs comprising group I 
were in close agreement with each other, though 
there were some inexplicable differences: dogs 46 
and 54 (Table I). The discrepancies, however, 
were usually the result of a tendon rupturing 
rather than differences in strength of union. A 
small drill-hole, therefore, offers no advantage and 
presents the technical disadvantage of pulling a 
tendon through a hole in which it fits snugly. 

The tensile strength curves for attachment of 
bone to tendon have the same general shape as 
those for other healing wounds. During the lag 
period the tensile strength falls and is less than 
that of freshly sutured tendon. It then rises 
gradually during the period of fibroplasia, being 
much sharper in group II. Normal physiological 


TABLE I. —EFFECT OF RELATIVE SIZE OF TENDON 
TO DRILL-HOLE IN NONIMMOBILIZED DOGS 




































































Small Large 
Dog Days hole— hole— Comments 
Ibs. pull | Ibs. pull 
40 9 1% 1% Avulsed 
45 10 1% 2 Avulsed 
53 15 3 3 Avulsed 
47 aI 6 Slipped | Avulsed 
27 31 8 12 Avulsed 
2 47 16% 12% Avulsed 
8 49 12 15 Avulsed 
44 71 Slipped 29% Avulsed 
46 93 44 Slipped | Tendon ruptured 
54 96 22 22 Avulsed, wound clean 
51 104 49 32 Tendon ruptured 
52 104 43 45 Tendon ruptured 
49 109 28 44 Tendon ruptured 
9 117 26 23 Musculotendinous junc- 
tion separated 
43 121 2I 25 
7 136 Slipped | Slipped 
41 150 Slipped | Slipped 
48 173 38 | 36 Tendon ruptured 





795 
























52 5 
é 
48} 2 
Shredding of 

44 tendon - Sed 3 
| ; 
w 4 g 
T ile 
G 36 g 
4 E 
a2 : 
& 26 5 
S 244 
Qa 
| 201 ff 

/ AMAintact tendon sheath 

z Yi ff (large drill hole) 
56 12. _¢<.4x—Intact tendon sheath 
5 , ae (small drill hole) 
x] | ff 
az | 8 re 

a i / 





10 20 30 40 50 60 70 80 90 100 110 120 150 
Time in days 


Fig. 2. The curve of tensile strength begins somewhere 
between 6 and 16 pounds and progresses to 27 pounds. 


TABLE II.—EFFECT ON TENSILE STRENGTH OF 
SHREDDING OF TENDON, INTERPOSING BONE 
SAND BETWEEN THE FIBERS AND IMMOBILI- 
















































































ZATION 

Dog Days Cast days Right, cast | Left, no casi 
61 I I | 4 Slipped 
62 2 2 2% Slipped 
67 5 5 6 3 

68 5 5 9 o 

7 7 7 3 2% 
53 7 7 2% Slipped 
72 Io 10 5 7 

64 14 14 4 Slipped 
69 14 14 Ir 8 
65 19 19 20 19 
66 19 19 27 14 
74 28 18 25 21 
70° 28 18 | 26 32 
57 35 18 25 23 
58 35 30 28 45 
59 35 23 40 34a" 
60 42 17 38 26t 
56 42 21 15 20 
73 58 | 30 | 34 | 46 
55 89 | a. 38 | 58 





*One tore rather than avulsed. 
tR. tore, L. avulsed. 
tAvulsed cleanly. 
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fixation is attained in 35 days as compared with 
71 days in group I (Fig. 2). 

Corresponding readings in immobilized and 
nonimmobilized limbs being equally high, immo- 
bilization was not responsible for the increased 
rate of attachment in group II. Bone transplanted 
into soft tissues (6) having no function to perform 
atrophied and diminished in size. The bone sand 
transplanted among the avascular tendon fibers 
underwent aseptic necrosis (Fig. 1) and gradually 
was resorbed. In no instance did it stimulate the 
surrounding tenoblasts or fibroblasts to form 
bone. Stripping of the tendon sheath and shred- 
ding the component fibers presented a larger area 
for invasion byf[vascularized connective tissue. 
Theoretically, a larger area for attachment and 
incorporation of tendon into bone should result in 
rapid rise in tensile strength. Slipping of the 
tendon relaxes the tension of the transplanted 
muscle and, despite firm anchorage, poor function 
results. Slipping]is prevented by immobilization 
of the limb in a cast for a maximum of 21 days 
which carries the mechanical fixation over the lag 
period until physiological fixation takes place. 
Prolonged immobilization results in an atrophy of 
disuse and retards the rate of fixation (Table II, 
dogs 55 and 58). 


CONCLUSIONS 


1. The firm anchorage from tendon drawn 
through a drill-hole in bone is due to the ossifica- 


tion and gradual incorporation of the tendon in 
the bone. 

2. During the lag period in the union of tendon 
to bone the tensile strength falls below that of the 
initial mechanical fixation. 

3. Immobilization in a cast for 21 days carries 
the mechanical fixation over the lag period until 
physiological fixation occurs. 

4. Prolonged cast immobilization retards the 
tensile strength of union. 

5. The relative size of tendon to drill-hole has 
little effect upon the rate of union of tendon to 
bone. 

6. Bone sand interposed between the strands 
of shredded tendon undergoes aseptic necrosis 
and is resorbed. 

7. Shredding of the portion of the tendon im- 
planted in bone permits the surrounding fibro- 
blasts to permeate and by increasing the surface 
area of anchorage, accelerates the rate of rise of 
tensile strength. 
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AN APPRAISAL OF 
CYCLOPROPANE 


YCLOPROPANE has been in exten- 

sive clinical use for about ten years. 

The experience gained in this period 

is not great enough to permit final statements 
to be made concerning the value of the agent; 
however, the use of cyclopropane has been 
wide enough and the trial long enough to per- 
mit a considered appraisal of its present 
status. If this approach to the subject ap- 
pears to be unduly cautious, it should be re- 
called that although plans are being made for 
the celebration of the one hundredth anni- 
versary of the introduction of ether into wide 
clinical usage, its merits are still disputed by 
well informed men. The past ten years has 
provided us with many facts concerning cyclo- 
propane. Certain characteristics of the agent 
have become well established. These can be 
set down and considered in their proper re- 
lationship to those of other agents, for an esti- 
mation of the range of usefulness of cyclo- 
propane can be made only upon such a com- 


parative basis. What, then, are the outstand- 
ing characteristics of this agent? 

First, cyclopropane is potent. Anesthesia 
is produced by a low concentration in the 
central nervous system. Notwithstanding the 
considerable potency of the agent, it does not 
in all cases provide a degree of muscular re- 
laxation comparable to that produced by 
ether at a safe level of anesthesia. 

It is possible to administer a high percent- 
age of oxygen with cyclopropane, as much as 
80 per cent, and yet obtain a surgical level of 
anesthesia. This is a characteristic of great 
importance, particularly evident when it is 
compared with the 10 per cent oxygen avail- 
able under nitrous oxide or the 20 per cent 
under ethylene. Curiously, many have over- 
looked the fact that with ether 96 per cent 
oxygen is permissible during full surgical anes- 
thesia. An excess of oxygen in the inspired 
air is permissible with both cyclopropane and 
ether. 

The fact that cyclopropane is only slightly 
soluble in the blood plus the fact that it can 
be administered in high partial pressure—in 
concentrations varying from 10 to 35 per cent 
or higher—in the inspired air, means that 
induction of anesthesia and recovery from it 
will be rapid. Then, since the agent is potent, 
deep anesthesia can be reached quickly. The 
great speed of action of cyclopropane makes 
possible swift overdosage in the hands of the 
inexperienced or careless. Is rapidity of effect 
of real clinical importance? Is the fact that 
induction and recovery with cyclopropane are 
faster than with ether of significance to the 
welfare of the patient? Under most circum- 
stances, probably it is not. In the unusual 
case, however, it may be of great importance, 
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as for example in surgical shock. Available 
experimental information suggests that cyclo- 
propane is a better anesthetic agent than 
ether for use in the rare case when general 
anesthesia must be induced in a patient in 
shock (this matter requires much more clinical 
testing than has yet been possible), yet 
cyclopropane appears to be a poorer choice 
than regional block, or local infiltration, or 
ethylene anesthesia when these are adequate 
for the task at hand. 

Cyclopropane or ethylene or nitrous oxide 
or infiltration or spinal anesthesia disturb the 
carbohydrate metabolism of the body very 
little, whereas ether considerably disturbs 
it. In the well controlled diabetic this effect 
is of little importance in operations of an hour 
and a half or so. In the infrequent case in 
which general anesthesia must be carried out 
in a patient with uncontrolled diabetes or in 
greatly prolonged operations, the choice of 
ether is unwise, the choice of the other agents 
better. 

While cyclopropane is less irritant than is 
ether, it is somewhat irritating to mucous 
membranes. Notwithstanding many expres- 
sions of opinion to the contrary, no satis- 
factory demonstration has yet been recorded 
that the irritating quality of any of the com- 
monly used anesthetic agents is of importance 
in mortality or even morbidity as far as the 
postoperative pulmonary complications are 
concerned. 

In the past year or two a considerable 
change of attitude of surgeons toward cyclo- 
propane has become apparent. The early en- 
thusiastic approval of many has in some 
cases given way to questionings and doubt. 
These are based chiefly upon two character- 
istics: the seriously toxic cardiac effects and 
a high degree of explosibility. 

Much laboratory work and several clinical 
electrocardiographic studies have shown that 


cyclopropane produces an ominous type of 
cardiac irregularity: extrasystoles which arise 
from multiple foci in the ventricles. Experi- 
mentally these have at times been shown to 
come in runs which develop into ventricular 
fibrillation. Clinically, a good many sudden 
deaths on the operating table have occurred 
with only brief warning. These have occurred 
under circumstances which suggest that ven- 
tricular fibrillation has been the cause. Such 
cardiac effects of cyclopropane are like those 
of chloroform. Indeed, as with chloroform, 
the chief cause of sudden death under cyclo- 
propane appears to be abrupt heart failure. 
Available reports indicate that even in the 
hands of experts, the death rate attributable 
to cyclopropane is disturbingly high. 

On theoretical grounds alone there are rea- 


sons why cyclopropane might better be’ 


avoided in patients with thyrotoxicosis; clini- 
cal practice supports this stand. Disastrous 
experiences over the country have recently 
indicated that the use of cyclopropane in the 
presence of thyrotoxicosis is unwise. Deaths 
which have occurred in these cases have ap- 
peared to be due to ventricular fibrillation. 

It has been learned, on the basis of both 
experimental and clinical experience, that the 
use of sympathomimetic drugs, as adrenalin, 
are contraindicated when cyclopropane is to 
be used. Cyclopropane must not be used as 
a supplement to local anesthesia which has 
been administered with a vasoconstrictor 
agent, again because of the danger of fatal 
ventricular fibrillation. 

Much has been written on the subject of 
the explosibility of anesthetic agents. It has 
been stated that ether and cyclopropane are 
equally explosible. If this statement means 
that the result of explosion of the two agents 
is the same, it does not agree with the facts at 
hand. To be sure, fatal explosion can result 
from the careless use of flame around either 
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agent. Such carelessness can usually be elimi- 
nated in well run operating rooms. A fact that 
is sometimes not made clear in this regard is 
that the hazard from electrostatic sparks, a 
hazard which has not yet been brought ade- 
quately under control, is by no means the 
same with ether and with cyclopropane. Avail- 
able data indicate that the hazard of a fatal 
explosion due to static spark is considerably 
greater with cyclopropane than it is with 
ether. The reasons for this are not yet clear: 
they may be associated with a greater de- 
tonating force of cyclopropane, or with the 
greater tendency of the cyclopropane ex- 
plosion to propagate itself. A cyclopropane 
explosion will easily cross barriers that would 
extinguish an ether explosion. 

We have, then, in cyclopropane, an agent 
which permits the use of a high percentage of 
oxygen, effects a rapid induction of anesthesia 
and a rapid recovery, is only slightly irritating 
to mucous membranes, produces little dis- 
turbance of the carbohydrate metabolism. 
The high oxygen permissible is important 
although cyclopropane is exceeded by ether 
in this regard. The other characteristics men- 


tioned are of infrequent importance. Pitted 
against these qualities we find serious cardiac 
effects apparently responsible for a relatively 
high mortality, and finally a serious explosion 
hazard exists. In numbers, deaths from ex- 
plosions are not great. The threat of explo- 
sion constantly on the mind of the operating 
team, a threat unquestionably greater with 
the use of cyclopropane than of ether, and the 
serious effects of an explosion to everyone 
concerned once it does take place, are not to 
be discounted. 

As far as can be determined now, this agent 
is of great value on some occasions. Its bad 
qualities appear to be of such magnitude that 
it cannot safely be accepted as a substitute for 
ether or ethylene for most inhalation anethesia, 
nor can it to any great extent supplant nitrous 
oxide in that agent’s narrow range of useful- 
ness. Unquestionably cyclopropane deserves 
further study and very probably it will come 
to have a permanent place among the re- 
sources of the well trained anesthetist. It 
appears likely that its range of usefulness will 
be much narrower than was at first predicted. 

Henry K. BEECHER. 





SURGERY, GYNECOLOGY AND OBSTETRICS 


BOOKS RECEIVED 


Books received are acknowledged in this department, 
and such acknowledgment must be regarded as a sufficient 
return for the courtesy of the sender. Selections will be 
made for review in the interests of our readers and as 
space permits. 

MEDICAL PROGRESS ANNUAL. Vol. 3, 1942. A Series of 
Fifty-two Reports on The Recent Accepted Advances in 
Diagnosis and Treatment Published during 1941 in The 
New England Journal of Medicine. Robert N. Nye, M.D., 
managing editor. Springfield, Ill. and Baltimore, Md.: 
Charles C. Thomas, 1942. 

TEXTBOOK OF SuRGICAL Nursinc. By William F. 
MacFee, A.B., M.D., F.A.C.S., and Manelva Wylie Keller, 
B.S., R.N. 4th ed. New York: The Macmillan Co., 1942. 

A SHort History or CarproLtocy. By James B. Her- 
rick. Springfield, Ill., and Baltimore, Md.: Charles C. 
Thomas, 1942. 

CLINICAL ANESTHESIA; A MANUAL OF CLINICAL ANES- 
THESIOLOGY. By John S. Lundy, B.A., M.D. Philadelphia 
and London: W. B. Saunders Co., 1942. 

First Arp; SuRGICAL AND MeEpicaL. By Warren H. 
Cole, M.D., F.A.C.S., and Charles B. Puestow, B.S., M.S., 
M.D., Ph.D., F.A.C.S. New York and London: D. Apple- 
ton-Century Co., Inc., 1942. 

TRAUMATIC SURGERY OF THE JAWS; INCLUDING First- 
Arp TREATMENT. By Kurt H. Thoma, D.M.D. St. Louis: 
The C. V. Mosby Co., 1942. 

THE PHARMACOPOEIA OF THE UNITED STATES OF AMER- 
1cA (The United States Pharmacopoeia). 12th revision 
(U.S.P. XII). By authority of the United States Pharma- 
copoeial Convention meeting at Washington, D.C., May 
14 and 15, 1940. Prepared by the Committee of Revision 
and published by the Board of Trustees. Official from 
November 1, 1942. Easton, Pennsylvania: Mack Printing 
Co., 1942. 

Human Patuotocy. By Howard T. Karsner, M.D. 
6th ed. Philadelphia, Montreal, and London: J. B. Lippin- 
cott Co., 1942. 

REPORT OF THE CLINICAL CANCER RESEARCH COM- 
MITTEE OF THE BRITISH EMPIRE CANCER CAMPAIGN. Re- 
printed from the British Empire Cancer Campaign Annual 
Report, 1941. 

ABDOMINAL AND GENITO-URINARY INJURIES. Prepared 
under the Auspices of the Committee on Surgery of the 
Division of Medical Sciences of the National Research 
Council. Philadelphia and London: W. B. Saunders Co., 
1942. 

OPHTHALMOLOGY AND OTOLARYNGOLOGY. Prepared and 
Edited by the Subcommittees on Ophthalmology and Oto- 
laryngology of the Committee on Surgery of the Division 
of Medical Sciences of the National Research Council. 
Philadelphia and London: W. B. Saunders Co., 1942. 

THe ROCKEFELLER FouNDATION. International Health 
Division—Annual Report, 1941. New York: The Rocke- 
feller Foundation, 1942. 

THE Time OF My Lire; A FrontIER Doctor IN ALASKA. 
By Harry Carlos De Vighne. Philadelphia and New York: 
J. B. Lippincott Co., 1942. 

ROENTGEN TREATMENT OF DISEASES OF THE NERVOUS 
System. By Cornelius G. Dyke, M.D., F.A.C.R., and Leo 
M. Davidoff, M.D., F.A.C.S. Philadelphia: Lea & Febiger, 
1942. 

BonnteE’s BABY BROTHER AND How HE Grew. Story 
by Elizabeth Rider Montgomery, photographs by Ralph 
W. Berry, foreword by Clara Savage Littledale. Phila- 
delphia and New York: Frederick A. Stokes Co., 1942. 


THE 1942 YEAR Book oF RaproLoGy. DIaGNosIs edited 
by Charles A. Waters, M.D., and Whitmer B. Firor, M.D.; 
THERAPEUTICS edited by Ira I. Kaplan, B.Sc., M.D. Chi- 
cago: The Year Book Publishers, Inc., 1942. 

OxFORD MONOGRAPHS ON DIAGNOSIS AND TREATMENT 
Supplements to Volumes 3, 5, and 10. New York: Oxford 
University Press, 1942. 

BLoop SUBSTITUTES AND BLoop TRANSFUSION. Edited 
by Stuart Mudd, M.A., M.D., and William Thalhimer, 
M.D. Springfield, Ill., and Baltimore, Md.: Charles C. 
Thomas, 1942. 

SULFANILAMIDE AND RELATED COMPOUNDS IN GENERAL 
Practice. By Wesley W. Spink, M.D., F.A.C.P. 2d ed. 
Chicago, Ill.: The Year Book Publishers, Inc., 1942. 

PROBLEMS OF AGEING; BIOLOGICAL AND MEDICAL As- 
PECTS. Edited by E. V. Cowdry. 2d ed. Baltimore: The 
Williams and Wilkins Co., 1942. 

RECENT ADVANCES IN OBSTETRICS AND GYNAECOLOGY. 
By Aleck W. Bourne, M.A., M.B., B.Ch. (Camb.), F.R.C. 
S. (Eng.), F.R.C.0.G., and Leslie H. Williams, M.D., 
M.S. (Lond.), F.R.C.S. (Eng.), F.R.C.0.G. 5th ed. Phila- 
delphia: The Blakiston Co., 1942. 

La PAQUISALPINGITIS HEMORRAGICA; TESIS DE DocTor- 
ADO. By Enrique V. Salerno. Buenos Aires: Cayetano 
Vergara, 1942. 

THE PRINCIPLES AND PRACTICE OF MEDICINE. Originally 
written by Sir William Osler, Bart., M.D., F.R.C.P., 
F.R.S. Designed for the Use of Practitioners and Students 
of Medicine. By Henry A. Christian, A.M., M.D., LL.D., 
Hon.Sc.D., Hon. F.R.C.P. (Can.), F.A.C.P. 14th ed. 
(Semicentennial, 1892-1942). New York and London: D. 
Appleton-Century Co., 1942. 

DISEASES OF WOMEN. By Ten Teachers under the di- 
rection of Clifford White, M.D., B.S. (Lond.), F.R.C.P. 
(Lond.), F.R.C.S. (Eng.), F.R.C.O.G. Edited by Sir 
Comyns Berkeley, Clifford White, and Frank Cook. 7th 
ed. Baltimore: The Williams & Wilkins Co., 1942. 

THE MAKING OF A SURGEON: A MIDWESTERN CHRONI- 
CLE. By Ernest V. Smith, M.D., D.Sc., F.A.C.S., Fond du 
Lac, Wisconsin: The Berndt Printing Co., 1942. 

CHANGES IN THE KNEE JOINT AT VARIOUS AGES: WITH 
PARTICULAR REFERENCE TO THE NATURE AND DEVELOP- 
MENT OF DEGENERATIVE JOINT DisEASE. By Granville A. 
Bennett, M.D., Hans Waine, M.D., and Walter Bauer, 
M.D. New York: The Commonwealth Fund, 1942. 

LympH Nope METASTASES; INCIDENCE AND SURGICAL 
TREATMENT IN NEOPLASTIC DisEASE. By Grantley Walder 
Taylor, A.B., M.D., F.A.C.S., and Ira Theodore Nathan- 
son, M.S., M.D. With a Foreword by Shields Warren, 
M.D. London, New York and Toronto: Oxford University 
Press, 1942. 

TRATAMENTO DAS FIsTuLAS URO-GENITAIS PELA PLAs- 
TICA DO DESDOBRAMENTO. By W. De Souza Rudge. 
Preface by Prof. N. De Moraes Barros. Rio de Janeiro: 
Livraria Ateneu, 1942. 

SURGERY OF MODERN WARFARE. Edited by Hamilton 
Bailey, F.R.C.S. Vols. 1 and 2. 2d ed. Baltimore: The 
Williams and Wilkins Co., 1942. 

SHock; Its DyNAmics, OCCURRENCE AND MANAGEMENT. 
By Virgil H. Moon A.B. M.Sc. M.D. Philadelphia: Lea 
& Febiger, 1942. 

THE PATHOLOGY OF TRAUMA. By Alan Richards Moritz, 
M.D. Philadelphia: Lea & Febiger, 1942. 

FUNDAMENTALS OF PsycHIATRY. By Edward A. Streck- 
er, M.D., Sc.D., F.A.C.P. Philadelphia, London, and 
Montreal: J. B. Lippincott Co., 1942. 

















Index to Advertising 








Abbott Laboratories, 
Pharmaceuticals 


A. * Aloe Co., Jnustrumenis......... Be 

American Can Co., 

American sear e~83 Makers, Inc., 
Surgical 1es 

American Hospital Supply Corp., 
Intravenous Solutions and Baxter 


Armour  ieeshaies Pharmaceuticals . . 
Aseptic Thermo Indicator Co., 
Sterilization Control 
Austenal Laboratories, 
Fracture Appliances 


sy ot & Black (Lewis rene 


Baxter Laboratories, 
Intravenous Solutions and Baxter 


Becton Dickinson & Co., Bandages 
Julius Berbecker & Sons, 

Surgeon's needles 
Bethlehem Laboratories, Pharmaceuticals 
Burdick Corp., X-Ray. Unit 


S. H. Camp & Co., Surgical Supports... 
Wilmot Castle Co., Operating Lights... . 
Clay-Adams Co., Surgical Specialties. . 
Corn Products Refining Co., Karo 
Crane Co., Hospital Plumbing 
Crescent ical Sales Co., 

Surgeon's 
Cutter Laboratories, 


Davis & Geck, Sutures 


DePuy Manufacturing Co., 
Fracture Apparatus 


General Electric X-Ray Corp., 
Gudebrod Bros. Silk Co.; Silk Sutures... 
Fred Haslam & Co., Instruments 


Hoffmann-La Roche, 
Pharmaceuticals 


8 


38 
44 


38 


34 





Johnson & Johnson, Sutures 


Kansas City Assemblage Co,, 
Skin Grafting Apparatus 


Lewis Manufacturing Co.— Bauer & 


Black, Sutures 


Massillon Rubber Co., Rubber Gloves. : . 
Merck & Co., Pharmaceuticals 
V. Mueller & Co., Instruments 


New York Polyclinic Medical School 
and. Hospital, 
Postgraduate Instruction 


Oxford University Press, Medical Books ; 


Parke, Davis & Co., Pharmaceuticals... . 
Patterson Screen Co., X-Ray Screens... 
Petrogalar-Laboratories, Petrogalar 
Picker X-Ray Corp., 

X-Ray Equipment 
Pioneer Rubber Co., Rubber Gloves 


Dr. Propper Manufacturing Co., 
Wound Clips 


Radium. Chemical Co., Inc., Radium. . . 
Radium Emanation Corp., Radium 


Salvus Products Inc., Sutures 

Scanlan Laboratories, Sutures 

Sharp & Dohme, Pharmaceuticals 

J. Sklar Manufacturing Co., Instruments 
E. R. Squibb & Sons, Pharmaceuticals .. 
Frederick Stearns & Co., 


Charles C Thomas, Medical Books 
Tower Co., Fracture Apparatus 


Wallace & Tiernan Products, 
har; ical. 


Wilmot Castle Co., Operating Lights... .. 

Wilson Rubber-Co., Rubber Gloves 

Winthrop Chemical Co., 
Pharmaceuticals 


Zimmer Manvfacturing Co. 
Fracture. Appliances 


In Writing to Advertisers Please Mention Surgery, Gynecology and Obstetrics 











WOUND INFECTION 


ntrol 








.-.in Traumatic Wounds 


. .. bacteriological contamination must be assumed in a majority 
of instances whether thé wound is a burn, a crushing injury, lacer- 
ation, abrasion or compound fracture. Adequate measures to 
prevent infection are of critical importance. 

Commenting on his clinical experience in a paper entitled “Use 
of Azochloramid in Infected Wounds” (Amer. Jour. Surg. Vol. 
XXI, No. 2, pp. 294-299) the author says: “Azochloramid will be 
useful .. . particularly to those who have been trained to carry out 
properly a Dakin dressing. It is my impression that this substance 
offers them a notable advance in speeding up wound healing.” 
Many other reports in the literature attest to the value of 
Azochloramid in the prevention and control of infection. 


« 
Azochloramid is used extensively by the Army and Navy 


Trial quantities and comprehensive literature sent to physicians on request 
WALLACE & TIERNAN PRODUCTS, INC. 


Belleville, New Jersey, U.S.A. 
Printed by R. R. Donnelley & Sons Co., at Chicago, Ill. 


MEETS THE 
CHALLENGE OF INFECTION 











